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—. HEAT and Gor: 
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pom hot. | 
Ariſt. And! 8 WF 


it a little cool. 
— Eudox.. It may be nei- 
ther of; us are much miſtaken. - The ſame 
Body may be hot and cold at one time; 


cold with reſpect to Von. and hot with reſpect 
Vo L. II. | 3 | ts 
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2 Of Hear and Corn. 
to me. What do I ſay, it may be hot and 


1 + 


ſatiie Perfon. Take yont Hand ons of Water 


* 


alritoft ready. ts boil, atid dip it ithrmediately 
into ſome that is warm; and the wattii 1. 


will appear to you to be cold. If after 1 
have handled ſome Snow, I ſhend” put my 
hand into the ſame warm Water, that Water 
would appear to me to be hot. Let us dip 
one hand into Water that is almoſt teddy to 
boil, and handle Snow with the other hand; 


afterwards let us dip bath hands into the 


ſame warm Water: we ſhall find it hot and 
cold at the ſame time; it will occaſion in 
the Soul two different Senſations. 

Heat and Cold conſidered, not as Senſa- 
tions of our Soul, but as the immediate Cauſe, 
the Origin of divers Senſations, are. nothing 
but reſpective Qualities, which, according to 
the preſent. Diſpoſition of the Temperament 
and Organs of an animated Body, produce in 
the Soul a Senſation, called Heat, or elſe a 
different one called Cold x. A remarkable 
Encreaſe or Diminution of Motion in the 
inſenſible Parts of the Organs, may be equal - 
ly injurious to them. An exceſſive Agita- 
tion too much diſſipates the Parts of a Body; 
but if the Parts of the Body are without any 
Agitation, the Body being benumbed, is 
deprived both of Action, Digeſtion, and Nou- 
riſhment. For this reaſon, our great Creator 


* See Notes on Converſ. 26; Vol. 1. 
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being willing that we ſhould uſe our utmoſt 
Caution to preſerve our Being, has ſo or- 
dered, that every thing which produces any 
exceſſive Agitation whatever, in the inſenſi- 
ble Parts of an animated Body, ſhould oc- 
caſion in the Soul a Senſation of Heat, which 
may inform it of that exceſs; and that every 
thing which produces an exceſſive Diminution 
of Agitation whatever, in the inſenſible Parts 
of an animated Body, ſhould cauſe in the 
Soul a Perception of Cold, which may in- 
form her of it. This being ſuppoſed, what 
then is Heat and Cold? 

Ariſt. Tell me preciſely what Heat i is, and 
I will tell you what is Cold. 
Eudox. Heat is an Agitation of the inſen- 
ſible Parts, capable of augmenting that of the 
Conſtitution, or of the Organs of an animated 
Body. For the Heat of Fire does not differ 
ſpecifically from the Heat of other Bodies; 
there is no apparent difference, but as to the 
greater or leſs degree. But the Heat of Fire 
conſiſts in this ſort of Agitation, ſince Fire, 
which in itſelf is nothing but an Agitation 
of this nature, as we have affirmed in treat- 
ing of Fire, has no other place for it to act 
in, and conſequently muſt produce a like 
Agitation in other Bodies, by piercing into 
them an infinite number of ſmall inviſible 
Darts. Therefore Heat is any Agitation what- 
eycr of the n %% bo 
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. a Nail which is drove into the Wood 
by the Strokes of a Hammer, does not in the 
leaſt appear to be hot; becauſe its inſenſible 
Parts have but one direct common Move- 
ment. But ſhould the Nail ceaſe to drive; 
it would acquire a ſenſible Heat, becauſe its 
inſenſible Parts, which receive the Motion 
of the Hammer, ſtriking now the one againſt 
the other, by their Points and unequal Ex- 
tremities, acquire in the Stroke a trembling 
upon their Center, an Agitation every way 

rapid, 

Ariſt. Cold then is a want of a tremulous 
Motion or Agitation in the inſenſible Parts, 
capable of equalling the natural Agitation of 
the Temperament, or the Organs of an anima- 
ted Body. For, in ſhort, Cold is the Contrary 
to Heat; a Body becomes cold in proportion 
as it loſes its Heat: but Heat is a tremulous 
Motion or Agitation of the inſenſible Parts, 
capable of augmenting that of the Tempera- 
ment, on the Organs of an animated Body. 
But theſe Definitions are vain, unleſs we 
explain the Properties of Heat and Cold. Ex- 
plain to me immediately the principal Pro- 
perties, and the principal Phænomena of 
Heat; I will attempt to do the ſame con- 
ccrning Cold. 

Eudox. The chief Propertics of Heat arc 
to warm, diſſolve, melt, rarify, and diſſipate ; 
and theſe Properties ariſe from a tremulous 
Motion or A gitation of the inſenſible Parts. 
129 2 When 
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When this Agitation is communicated to the 
Particles of my Body; my Soul is informed 
of it by that inexplicable Senſation one feels, 
when one ſays, I am hot. If the exceſs of 
the Agitation is ſmall, I am ſenſible only of 
a ſort of Titillation. I. rub my Hands with 
the Juice of a bruiſed Onion. What would 
one not do to find out the Truth? After- 
wards, I waſh them in melted Lead without 
any injury. I can likewiſe handle burning 
Coals. The Juice which covers the Skin, 
and fills the Pores on the Surface of the 
Hands, hinders the Action of the burning 
Coals, and the melted Lead, from taking 
any hold, or ſpreading itſelf with too much 
violence on the hand. Thoſe Perſons. who 
make a trade of handling of Fire, and holding 
it in the Mouth, make uſe ſometimes of an 
equal mixture * of Spirit of Sulphur, Salt- 
armoniack, Eſſence of Roſemary, and the 
Juice of Onions. If the excels of the Agi- 
tation is great, it makes a ſenſible Separation 
of the Parts of my Body. This Separation 
is what they call burning; and my Soul feels 
a ſenſible Pain, which warns it to apply ſome 
Remedy. 

The Agitation cannot enter hard Bodies 
with ſufficient force, to agitate their Parts 
violently, without ſhaking, looſening, and ſe- 
parating them; and this is to diſſolve them. 


B 3 TEE © This 
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This Agitation diſſolves Metals, Iron, Sil- 
ver and Gold, by giving their Parts a rapid 
Motion upon their Center, and every way 
elſe; and this is melting them. 

It is difficult to melt, diſſolve, and to move 
on all ſides the inſenſible Parts of a Body, 
without ſeparating them one from another, 
without forcing them to poſleſs a larger Space; 
and this is to rarify a Body. Upon this ac- 
count Iron hcated ſwells, and is lengthened ; it 
can no longer enter the fame hole: and M. de 
{a Hire having expoſed a Rod of Iron to the 
Sun, for three Hours in the Summer, he 
found it lengthned two thirds of a Line. 

Finally, that Agitation which cauſes a Ra- 
rifaftion, entirely diſengages and forces an 
infinity of ſmall Parts to fly off every way; 
and this is to diſſipate them. For this rea- 
ſon, in the Extremity of Heat, the Plants 
ſink, the Flowers wither and decay, the Bo- 
dies of Animals dry up with the Exceſs of 
Diſſipation and Evaporation. 

After this, I am not at all ſurprized that Heat 
ſoftens Wax, and, at the ſame time, hardens 
Dirt. It ſoftens the Wax, becauſe it looſens, 
agitates, and ſeparates its homogeneous Parti- 
cles, without being able to diſſipate them, 
becauſe of their maſs and weight. It at the 
ſame time hardens Dirt; inaſmuch as it is 
too weak to diſſipate the earthy Parts, it 
diſlipates by its Agitation the lighter Particles 
of the Water, which render the Dirt fluid. 

In 
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In diſſ ating, much after the ſame man- 
ner, the fin e Particles which make Eggs fluid ; 
Heat 5 7 700 them, much after the ſame 
manner as it hardens Dirt; ; and I am not at 
all aſtoniſſied at their roaſting of Eggs in the 
Sun at Montpellier, on the 30th of July 1705, 
it being a time of exceſlive Heat*, Heat, 
which: hardens Dirt and Eggs, by the ſame 
means dries Linen, the Earth, Ponds, ' and 
Rivers. The Agitation which it communi- 
cates to a thouſand and a thouſand Particles of 
Water, Which wet the Linen and the Earth, 
and fill the Rivers and the Ponds, ſhakes theſe 
ParticJes, diſengages them, divides them, leſ- 
ſens them, penetrates them, fills them with 
ſubtle Matter, renders them more light,” diſ- 
ſipates them, and cauſes them to mount in 
Vapours. 

When Water heats upon the Fire, the Heat 
produces ſuch Effects, which, however 155 
taken notice of, are yet not at all the. le 
curious. For, in ſhort, ſhould the bottom of 
the Veſſel be thick, it will be ſo much the 
hotter: becauſe the fiery Particles finding a 
greater Reſiſtance in a thicker Bottom, ate 
there ſtopped for a longer time, and in a 
greater number, and more reflected every 
way. When the Water begins only to he 
warm, the bottom is more hot than when 
the Water boils. Becauſe when the Water 
begins only to be warm, the Corpuſcles of 

B 4 the 
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the Fire, which have yet found no Paſſage 
through the Water, are reflected towards the 
bottom; and by their Reflexion, they aug» 
ment the Agitation, which cauſes the Heat, 
But when the Water boils, they have found 
a Paſſage, and are leſs reflected back again: 
they mount rapidly, they rarify the internal 
Air, and make the Liquor boil. If they 
meet with any groſs Particles, they raiſe 
them to the Surface, where a Froth is 
made, which the Action of the Heat puſhes 
and caſts out of the Veſlel. | 

When the Water once boils to a certain 
Point, its degree of Heat is not encreaſed ei- 
ther upon the ſame Fire, or a bigger. Be- 
cauſe the fiery Particles which raiſe it, ſwell 
it, and throw up its Surface, having every 
where made free Paſſage through the Water, 
they no longer ſtrike againſt the Parts of the 
boiling Liquor, to make any encreaſe of the 
Agitation. 

Take the Veſſel off the Fire; the Bottom, 
eſpecially if it be thin, is leſs hot, while the 
Water is ſtill boiling, than when it has ceaſed 
to do ſo%, Inaſmuch as the bottom is leſs 
hot, while the Water yet boils, becauſe the 
fiery Particles have ſtill force and liberty enough 
to ſhoot, like ſo many little Darts, from above, 
downwards, without returning to agitate the 


bottom. But when the Water ceaſes to boil, 
the 


Hiſt. de YAcad, an. 1703. . 25. 
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the Corpuſcles of the Fire are reflected to- 
wards the bottom, by the weight of the Water, 
which ſinks and falls down; and being re- 
flected like ſo many little Darts, they bring 
back to the bottom, by their Vibrations and 
tremulous Motion, that exceſs of Agitation 
which cauſes an exceſſive heat. 

I obſerve likewiſe, that Bodies, the more 
ſolid they arc, heat the more ſlowly. Be- 
cauſe the Parts of theſe Bodies, by reaſon of 
their Solidity, are harder to be looſened and 
put in motion. But as ſoon as they are once 
heated, they are the hotter for it; becauſe 
their Parts, which are more ſolid, and which 
contribute in greater number to the ſame Ef- 
fect, move the Organs of Senſe with greater 
violence. Upon this account, burning Iron 
is hotter than Fire, itſelf, and heated Gold, 
than mcked ... 221m 

Thus, I think, I have happily explained 
many of the Properties and Effects of Heat. 

Ariſt. But the Fire, which gives no ſenſible 
Heat either to Lead or Copper, heats the 
Iron without being heated itſelf ; the Stock 
of a Wheel grows hot, while the Circum- 
ference, which is in a much greater Agitation, 
is not heated at all. I am at a loſs how to 
reconcile theſe ſeveral Oddneſſes with the juſt- 
neſs of your Definition. 

Eudox. 1. The File does not heat, at leaſt 
ſenſibly, either the Lead or the Copper, for 
Want of an ee every way; ; for carry- 


ing 
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ing away at once the Surface of theſe Bo- 
dies which it touches, and which are not 
very hard, it does not communicate to them 
enough of this particular Agitation, to occa- 
ſion a ſenſible heat. 2. But the File heats 
the Iron, in as much as finding a ſufficient 
' Reſiſtance in the Iron, which is harder, to 
pa and repaſs divers times the ſame inſen» 
ible parts; it communicates to. them more 
1 of this ſort of Agitation and tremulous Mo- 
© | tion, which makes the Heat. 3. The File 
| does not grow hot either upon Lead, or u- 
| gon Copper, or Iron; becauſc the Parts of the 
i File, agitated in this manner by the Friction, 
have an immediate Communication with the 
| Air, and loſe their Agitation. 4. For the 
| 


— . —ü—ͤ > tie. tet — — 
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ame reaſon, the Circumference of the Wheel 

is not heated, becauſe its inſenſible Parts com- 

municate immediately with the Air, and loſe 

| the Agitation they acquired in rubbing againſt 

| the Pavement or the Ground, preſerving only 

| an exceſs of the direct Motion, which does 

= Create any heat at all. In the mean time, 

the Nave having leſs direct Motion, grows 

hot, and ſometimes takes fire: becauſe rub- 

bing continually againſt the Axle- tree, it ac- 

quires an exceſs of Agitation every way, 
Which is encreaſed by a continual Friction. 

Ariſt. If the Heat of Iron, and the Stock 

| of a Wheel, conſiſt in this ſort of Agitation, 

Water, Air, and all Liquids ought to have 

their degree of Heat, = this particular 

Agitation 


— 
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Water, which was before hot to them, ac- 
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Agitation is the Cauſe of Fluidity; Never- 
theleſs, one gocs to take the freſh Air on 
the Banks of the Brooks; and if one bathes 
in the River, wichout doubt it is not to heat 
one's. fel. e 0 
 Eudox. Water, and I may ſay much the 
ſame: of other Liquids ; is not hot with re- 
gard to us, becauſe agitated too. feebly to 
augment the ordinary Heat of our Bodies; it 
rather receives ſome degrees of Agitation from 
us, than we from that. But it may be, and is 


probably hot with reſpect to ſome. other Ani- 


mals which are more ſenſible. Why do Fiſh 
die in hot Weather? Is it not becauſe the 


quires ſome exceſs of Heat? In hot Wea» 


| ther indeed, the Fiſh ſeek the Water from 


the Fountains, probably becauſe they find leſs 
heat in the Water that riſes immediately from 
the boſom of the Earth; then do not put 
me in an heat by your dogmatical Objections. 
I ſhall force you to acknowledge, againſt your 
will, ſome degree of Heat, not only in the 
Plants which grow at the bottom of the 
Waters, and under the Snow, but likewiſe 
in Snow and Ice itſelf. For, in fhort, the 
imperceptible Parts of Ice are evaporated and 
diſſipated, ſince it ſenſibly loſes of its weight, 
without the Cold's being diminiſhed f But, 
Evaporation and Diſſipation are the Effect of 


Hear. 
Ariſt. 
M. Mariotte, du chaud & du froid, p. 16. 
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Ariſt. Oh! J had much rather confine my- 
ſelf to draw from my Definition of Cold, 
its principal Properties, and principal Phzno- 
mena, than expoſe myſelf to ſwallow a fort 
of a Paradox, which ſtartles me at once. 
Io cauſe a Senſation of Cold, to condenſe, 
harden, to ſtop, or diminiſh a Diſſipation of 
the Parts, are the principal Properties of Cold. 


Do not theſe Properties ariſe from my Defini- 


tion? A Defect of Agitation in the imper- 
ceptible Parts, is the natural Source of it. 
Should the Particles of our Bodies ceaſe to 
have that Agitation, which their uſual Ha- 
bit requires? The Soul ought to be informed 
of it by a Senſation of Cold, as it is of an 
exceſs of Agitation by a Senſation of Heat. 
Is the Agitation in the Particles of a Body 
conſiderably leſſened? They ſink, they ap- 
proach one another, drove either by the 
weight, or by the ſurrounding Bodies; and 
this is Condenſation. Do the Particles by 


loſing their reciprocal Agitation, become 


tranquil and embaraſſed one within another? 
They make a hard Body. In effect, the Hard- 
neſs conſiſts in a reſpective Repoſe, and a 
Concatination and Preſſure of the Parts. 
Finally, ſince an exceſs of Agitation diſſi- 
pates the imperceptible Parts, a want of Agi ; 
tation ought to produce a contrary Effect. 
Upon this account, 1. A Drop, of Water 
which feels hot to the Hand, is cold upon 
the Breaſt: Becauſe the Drop of Water be- 


F4 
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ing in a greater Agitation than the Parts of 
the Hands, communicates ſome of it to them, 
and the Soul is adviſed of this encreaſe by 
the Senſation of Heat. But, on the con- 
trary, the Drop of Water having leſs Agita- 
tion than the Parts of the Breaſt, it partici- 
pates with them. Theſe Parts loſe ſome of 
their Motion, which is notified to the Soul 
by a Senſation of Cold. For this reaſon, 
Ice appears colder than Marble; becauſe the 
Ice, which melts when the Hand touches it, 
receives from it a greater Agitation, and there 
is conſequently occaſioned a greater Diminu- 
tion of Motion. | | 

2. Cold preſerves thoſe Bodies, which cor- 
rupt in the Heat. Heat corrupts them by ſe- 
parating and dividing their Particles; for a 
contrary reaſon, Cold produces an oppoſite 
Effect. fr 

3.* We ſee Animals benumbed by the 
Cold; becauſe the Blood, which for want 
of Agitation is condenſed and thickned, no 
longer agitates ſufficiently the Organs of the 
Bod | d- 


y. | 

4. Froſt is an hardneſs occaſioned by an 
univerſal Defe of Agitation : For ſhould the 
Agitation fail in Water, and in other Liquors, 
they become Ice. F 

5. The Spirits of Salt and Nitre contri- 
bute much to the producing Cold, Froſt, and 
Ice. In a Solution of Salt-petre, Salt- armo- 
n niac, 


14 Of Hxar and Corp. 


niac, and Vitriol *, the Water becomes more 
cold, becauſe it communicates its Motion to 
theſe Salts. Wherefore: the Cold is gene- 
rally greateſt in thoſe Places where Salt and 
Nitre abound. But how do they ſerve to 
produce Ice} Theſe Salts, with which the 
Air is loaded, ſince the Caput-Mortuum of 
the Chymiſts being expoſed to the Air, is 
quickly impregnated with them, enter into 
the Pores of the Liquors, like ſo many little 
Wedges ſhut the Paſlage at leaſt to the groſſer 
Parts of the ſubtile Matter, divide, diminiſh, 
ſtop the Agitation of the imperceptible Parts 
of Liquors, and by that means -harden them, 
and change them into Ice, much after the 
ſame manner as common Salt penetrates, fixes, 
and hardens Fleſh that is ſalted. Hence it is, 
that if one ſhould put Ice, Salt, Nitre, and 
Alum into Water, the Water would freeze 
even in the midſt of Summer. . 

It is for this reaſon probably, that great 
Pyramids of Ice are found and formed even 
in the Summer-time in certain Cayerns, where 
the adjacent Parts abound with Nitre. In 
September 1711, near the Village of Chaux, 
five Leagues from Beſangon, there were found 
three Pyramids of Ice, 15 or 16 Foot high, 
and 5 or 6 in Circumference, in a Cavern 
80 Foot deep,: 140. Foot long, from the En- 
trance to the oppoſite Side. 122,, the Bottom 
of which was covered with three Foot of Ice; 
| ſome- 

5 Mem. de Acad. 1700. p. 111. 
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ſometimes there is much morę in proportion 
to the Heat of the Summer“. | Becauſe in 
the neighbouring Earth, as Mr. Billerez has 
remarked; and eſpecially upon that over the 
Vault, there is a great quantity of nitrous 
Salt, or native Salt-armoniac, Theſe Salts 
being agitated and diſengaged by the Heat of 
the Summer, mix more cafily with the Wa- 
ters, which filtrating through the Earth, and 
running through the. Cliffs of the Rock, pe- 
netrate even into the Grotto itſelf. The 
Waters freeze by this Mixture after the ſame 
manner, as does the artificial loi in the greateſt 
Heat. 

6. When Liquors freeze, . exteriour Sur- 
face is firſt turned into Ice, becauſe the cold 
Air which touches it, taxes immediately from 
its Motion, or fills it with Salt and Nitre, 
and fixes it. 

7. But why is the Air of the middle Region 
colder, at leaſt for the generality, than that 
which immediately environs us? The Air 
which ſurrounds us, and which we breath, is 
put into a continual Agitation by the Rays 
of the Sun reflected from a thouſand diffe- 
rent parts of the Earth; while the Air in 
the middle Region receives only a direct Im- 


preſſion from "the Rays of the Sun. The 


Rays differently reflected, by the Incqualities 
of the Earth, cannot raiſe their Action fo 


high. For this reaſon, we find the Tops of 


high 
® Hiſt. de PAcad. 1712, p. 22, 


dies cold and froze by the Air, begin to be 
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high Mountains covered with Snow in Sum“ 


mer, even between the Tropicks. 


8. Should the imperceptible Parts of Bo- 


in Agitation, or ſhould their flight Agitation 
begin to encreaſe, they melt * the Diſſolu- 
tion of their Parts. 

9. Ice melts ſooner in warm Water than 
before the Fire; becauſe, 1. the Parts of the 
warm Water being more bulky, flake thoſe 


of the Ice much more. 2. They attract in 


ſome manner the Spirits of the Salt and Nitre, 
which lock'd theſe up too much. 

10. Snow and Ice. diſſolve much ſoonet in 
an Air-Pump, than in the open Air ; becauſe 
the Particles of Snow and Water being there 
not drove towards a common Center, by the 
external Air, and being ſurrounded, ſhook, 
and agitated by a greater quantity of ſubtle 
Matter, are moved and diſengaged eaſier and 
quicker. 

11. Put Fruit that is frozen into cold Wa- 
ter, in a place a little warm : the cold Watet 
re-eſtabliſhes them in their former State, by 
putting their Particles into a moderate Agi- 
tation. 

Eudox. They would ſpoil near the Fire, 
becauſe the Fire, which would melt their 
frozen Juices too ſuddenly, would at the fame 
time bruiſe the Fibres, change them, and by 


have 


that means render the Fruit inſipid. But you 
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have not yet told me why Water, which falls 
upon icy Stones, freezes immediately 
Ariſt. The Salts paſs immediately from 
the Interſtices of theſe Stones into thoſe of 
the Water, which communicate their Motion 
to Corpuſcles which have none at all, or 
which have a great deal leſs. In a Thaw, 
you may obſerve a ſort of Snow upon hard 
Bodies; becauſe the Particles of Water con- 
geal upon theſe Bodies at their meeting with 
theſe Salts, without being able to penetrate 
their ſtrait Pores. We do not obſerve the 
ſame thing upon ſpongey Bodies : their Pores 


being more ſpacious, receive the little Parti- 


F cles, which can find no admittance n the 
AX. others. 


Eudox. Here are many Facts bappilg . 
plained, as you imagine; but two or three 
more ſhall deſtroy your whole Explanation. 

1. The North Wind is generally agitated 
in a violent manner: Is it therefore leſs cold? 

Ariſt. Its Agitation is violent, but direct, 
and not every way; and it is in the Defect 
of this kind of Agitation that Cold conſiſts. 
Upon the ſame Principle, the Air, which 
goes rapidly out of the Mouth by a ſmall 
vent, when the Lips are contracted, is cold, 
though the ſame Air is hot which goes more 
leiſurely out of an open Mouth: 2. The 
North Wind brings a great deal of Salt, 
Nitre, and ſmall Icicles; which contribute 
towards rendring the Wind cold. Thus the 

VoL. IL —_ South 
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South Wind, which brings none at all, or 
leſs of theſe Corpuſcles, is leſs cold; and if 
one ſhould put Powder of Ice, and beaten 
Salt, againſt the Noſſel of a pair of Bellows, 
the Wind which comes out of them will be 
the colder. 

The Winds which come from the high 
Mountains of Canada, occaſion extraordinary 
Colds, becauſe they carry a prodigious quan- 
tity of Salts and Icicles. Theſe Icicles and 
theſe Salts are inſerted into the Surface of 
Bodies, like ſo many little Wedges, and ſuſ- 
pend the Agitation of the imperceptible Parts, 
or diminiſh it by dividing it. 

Eudbx. 2. At leaſt the Cold ought to lock 
up the Water. Nevertheleſs it extends and 
dilates it; for the Veſſels which hold it are 
crack d in the Cold. The Royal Academy 
of Sciences have obſerved a Musket-Barrel, 
which was about two Foot long, and ſome- 
thing more than four Lines in thickneſs, filled 
with Water, and firmly cloſed at both ends, 
burſt in the Cold. M. Huygens tried the 
ſame Experiment more than once. He ex- 
poſed the Barrel of a Gun full of Water, and 
ſtopped at both ends, all Night at his Win- 
dow. The Gun burſt with a loud Noiſe ; 
and the Crack was four Inches long *. 

Ariſt. The Cold is not properly the bhv. 


ſical Cauſe of theſe Phænomena, but rather 
the 


3 Mar. de a Nature de PAir, p. 135. 
* Hiſt, del Acad. 1667. p. 13. 
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the Air diſengaged from the Particles of Wa- 
ter. For, 1. when theſe ſurprizing Effects 
happen, there is ſome Air in the Water which 
is froze. Is it freed from the Air? It is 
leſſened and contracted in bulk, inſtead of be- 


ing extended; and the containing Veſlel is 


not. broke.. Expoſe a Glaſs full of Water to 
the Froſt, which is not freed from the Air, 
you will ſee a great quantity of bubbles of 
Air riſe-in it. 2. This Air is much more 
condenſed, while it is locked up in the Wa- 
ter, than the external Air. According to the 
Experience of M. Mariotte, the Air ought to 
be ſeven or eight times more condenſed in 


the Water, than it is ſeparated from it. 


3. When Water begins to freeze, many of 
its Particles being leſs agitated by the ſubtle 
Matter ſink, and approach one another; the 
Air finds an eaſier Vent to diſengage itſelf 
from the Parts of the Water, it is diſengaged 
from it: but as it has no Paſſage out of a 
Gun ſtopt up at both ends, it acts with the 
whole force of its Spring againſt the ſides of 
the Gun; the exceſs of its force being ſo 
much more efficacious than the external Air, 
a little condenſed by the Cold, leaves a greater 
vacuity, and reſiſts leſs, ſplits and burſts the Gun. 

Air kept in by the Ice, which is formed 
immediately upon the upper Surface of the 
Water, burſts for the ſame reaſon, and by the 
ſame claſtick force, the Ice, or the other Veſſels 
by which 


1 Mar. P · 134+ 
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which contain it; nevertheleſs it does not 
make ſo great an effort, when the Water is 
froze in a Glaſs, becauſe it goes off in part 
by a little opening, which remains in the 
upper Surface of the Ice, and carries off with 
it, at the ſame place, a part of the Water, 
which may be known by the Elevation of 
the Ice near this Place *. 

Eudox. You are going to explain to me, 
from the ſame Principle, why Trees nin 
a great Froſt with a loud goiſe. 

Ariſt. When the inner Parts of the Trees 
are frozen, and the Bark covered with Froſt, 
which ſtops up the Pores, the JEW which 
cannot circulate freely, the rarefied and ſpiri- 
tuous Matter which cannot pals off as before, 
and the internal Air diſengaged by the Cold, 
but which has no vent at all, upon account 
of the Froſt, uniting their forces to ſet them- 
ſelves at liberty, extend the Fibres, dilate the 
Trees, ſuddenly burſt the weakeſt part; and 
you hear a noiſe, as if you had et fire to 
ſome Gun-powder within. 

It is likewiſe plain to me, from the ſame 
Principles, why the Lips, Hands, and Ears 
chap in cold Weather. The Cold immedi- 
ately contracts theſe Parts, which are much 
expoſed to the Air. The free Circulation of 
the Blood and Humours ceaſes; the Blood 
and Humours being ſtopt, ferment, corrupt, 


and turn into Pus; the Fibres are corrupted z 
the 


„ Mar. p. 137. 
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the internal Air 1s diſengaged, and makes it- 
ſelf large Apertures to paſs off at, eſpecially 
if the Parts frozen approach the Fire; becauſe 
then a more violent Fermentation is Occa- 
ſioned. Snow is good to cure the Diſorder ; 
the Salts which congeal . the Blood 
and the Humours, are attached to the Snow, 
and rctire into their Pores; or the Particles 
of the Snow, which diſſolve inſenſibly, com- 
municate by degrecs a ſlight Agitation to the 
frozen Parts, which looſen them, and diſen- 


Sage them, which reſtores the Blood to its 


Fluidity, open the Paſlages of the Blogd to 


& reſtore its vital Influence to all Parts. Where- 
fore in the North they cover the frozen Mem- 


bers with Snow ; and it is reported, that 


F without this Remedy a King of England, 


who was in Denmark, would have loſt his 
Noſe and Ears in exceſſive cold Weather. 
A Man half dead with Cold has come to 
himſelf again, by having been plunged into 
cold Water, where a Cruſt of Ice was form- 
ed upon his Body, and by having been put 
into a Bed, where by the means of ſome Drink, 


he was thrown into a gentle Sweat *. 


Eudox. But can you explain, upon your 
Principles, why through all France, during 
the ſevere Winter in 1709, ſuch a prodigious 
number of Trees periſhed, eſpecially ſuch as 
are the moſt hardy, and which preſerve their 
Leaves in Winter ; for inſtance, the Laurcl, 

C 3 Cypreſs 

®* Ifr. Conrad. du Froid. Journ, des Sgavans 1684. p. 53. 
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Cypreſs and Holm-Oak ; and among thoſe 
which are more tender, as the Olive, Chaſte- 
nut Tree, and Filberd, the oldeſt and the 
ſtrongeſt v. 

Ariſt. Thoſe Trees, which occaſion moſt 
Reſiſtance to the Rarefaction of the internal 
Air, and to the Action of the ſpirituous and 
aqucous Juices, ought to die in greateſt num- 
ber. As a ſecond Froſt rudely followed the 
Thaw, the ſudden Rarefaction of the inter- 
nal Air, and the Action of the ſpirituous and 
aqueous Juices, ought to exert upon the Fibres 
of the Trees a much greater effort, and more 
capable of tearing them, and rendring them, 
for the future, uſeleſs as to Vegetation, as 
there was found there a greater Reſiſtance. 
But, the harder or older Trees create a greater 
Reſiſtance to the Action of the internal Air, 
and the rarefied Juices; for the Parts of theſe 
Trees are cloſer and more compact. Indeed, 
ceteris paribus, they throw out their Leaves 
ſlower than the others, becauſe the Unfold- 
ings neceſſary to Vegetation are there made 
more ſlowly than in thoſe, whoſe Parts are 
ſofter, more flexible and impregnated with 
2 Wherefore the hardeſt and oldeſt 

rees ought particularly to periſh. 

Eudox. I doubt you will not ſo eaſily ex- 
plain what happened in the River Sein, where 
the middle of the Current was not at all 
froze at Paris, during that ſame Winter, 


though 


* Hiſt, do Acad. 1510. p. 19. 
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though it had been capable, in Winters leſs 
rigorous, of bearing of Carts“. 

Ariſt. In our Climate very probably, as 
Mr. Homberg has remarked, a great River 
like the Sezn, has its Current too ſtrong to- 
wards the middle to freeze, unleſs the Pieces 
of Ice which it receives from the ſmall Rivers, 
and which it carries down its middle, being 
at length ſtopt by a Bridge, or a Bending of 
the River, or by ſome other Obſtacle ; and 
laying hold of one another, ſhould form a 
kind of Cruſt, which covers the Surface of 
the Current. But, during the great Cold in 
1709, the Sein ought to have received leſs 
Ice from the little Rivers, than in other Win- 


1 h ters leſs ſevere; becauſe in that Year the Cold 


being more ſudden, and exceedingly ſevere 
from its beginning, the ſmall Rivers which 
enter into the dein above Paris, were en- 
tirely froze, and that all at once. Therefore 
the middle of its Current ought to be free, 
notwithſtanding the Rigour of the Winter. 
For the ſame reaſon, it has been free this 
Winter, during three Weeks cold, which 
was not much inferiour to that in 1709. 
Laſtly, when the Agitation of the impercep- 
tible Parts of a Body is diminiſhed to a cer- 
tain degree, the Parts ſink, and adhere one 
to another; if the internal Air cannot diſ- 
engage itſelf, or ſhould it be entirely diſen- 
gaged, it makes its Eſcape, the Body is con- 

C 4 tracted, 


* Hiſt, de PAcad, an. 17cg. p. 9. 
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trated, and acquires a greater Solidity under 
a determined bulk : wherefore Oil, when it is 
froze, falls to the bottom. But ſhould the 
internal Air, which is generally more com- 
preſſed, diſengage itſelf from its little Cells, 
without being able to get out of the Body 
which freezes, it would dilate it. Upon which 
account, Water when it freezes, enlarges its 
bulk, and the Ice is raiſed above the Water. 
Thus Water purged of the Air, takes up no 
more room in freezing”, while the bulk of 
the Water which is impregnated with Air, 
encreaſes one tenth 7. The Swelling of Water, 
cauſed by the Spring of the Air, goes ſome- 
times ſo far, as to raiſe a weight of 60Pounds*, 
and to break the hardeſt Veſſels. 

Eudox. The Cold in the northern Coun- 
trics ought to furniſh ſome curious Obſer- 
vations. 

Ariſt. In Iceland, the Froſt penetrates four 
Feet deep into the Earth*, And the Sea in 
the northern Parts is covered with Ice, eſ- 
pecially near the Shores, even to the diſtance 
of about forty Leagues from the Shore ; be- 
cauſe there is more freſh Water near the 
Shore, which is ſupplied from the Rivers, and 
which containing leſs Sulphur, Bitumen, Salt, 
and Particles proper to ferment or incide its 
Parts, is the eaſier froze. There have been 

ſeen 


* ourn. des Sgav. 1684. p. 36. 
bid. 1709. p. 565. 
f Ibid. 1671. p. 16. Duhamel de Corp. affect, 


\ Ibid, 1675. p. 132, 
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ſeen at Spitzberg, whoſe hithermoſt Border 
is about 76 degrees of Latitude, ſeven Moun- 
tains of Ice, which ſurmounted one another, 
formed probably by the Snow melting upon 


'the Surface, and freezing again immediate- 


ly, or by the Rain being froze in falling up- 
on the Ice. However, we ought not to ima- 
gine, that the Sea is wholly froze near the 
Pole, at leaſt in Summer, ſince they go ſome- 
times a Whale-fiſhing even as far as 82 de- 
grees*. Some Hollanders have pretended to 
have becn as far as 89 degrees; and alſo un- 
der the Pole itſelf ®. However that be, it is 


not only at Spitzberg that Ice has been ſeen 


of a prodigious bigneſs. The Veſſel which 


carried from France to Canada, the Sainte. 


Thereſe of the new found World, met with 
a Peak of Ice which appeared like a floating 
City, confiderably ſteep, and environed with 
a ſort of Towers, of which they could not 
ſce the Top*. The falling Snow, the Pieces 
of Ice inſerted one into the other, and the 
Waves beating in tempeſtuous Weather upon 
the firſt Ice, might occaſion its ſurprizing 
Growth. 

Eudox. The Effects of Cold are perhaps 
leſs ſurprizing than thoſe of Heat, even to- 
wards the North“. In Sweden they die of 

| Heat 


* Mem. de Trev. 1717. p.1995. Voyages du Nort. 
? Ibid. p. 2009. 

by ö 9. 

Vie de la Mere del Incarnation. Journ, des Sgav. 1678. p. 1 

w Ibid. 1667. p. 24. * . * 
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Heat as well as Cold. In the Iſle of Cherry, 
at about 75 degrees Latitude, the Men who 
fiſh for the Sea-Calves felt ſo great a heat on 
the 21ſt of June, that the Pitch melted and 
run along the ſides of the Veſſel. 

The ſame has been obſerved at Spitgberg 
in the Month of Fuly *. 

And among the Laplanders, who are very 
near the Pole, the Heat is ſo great in Sum- 
mer, that one can hardly ſtand a minute with 
one's Feet naked, upon a Stone, without burn- 
ing. So that fifteen Days Heat gives the 
Leaves of the Trees, and the Herbs, their 
Growth and their Bigne(s?. Becauſe, while 


the Sun is towards the Tropick of Cancer, 
the Countrics near the Pole, are continually 


expoſed to the Rays of the Sun; and the 


Laplanders have three Months Day in Sum- 


mer. 
Ariſt. But you have not ask'd me, Eudoxus; 


why the Froſt blaſts the Plants and tender 


Buds. 
Eudox. It is becauſe an exceſs of Heat 


has a greater ſhare in this Effect than the 


Cold itſelf, The Cold locks up the Fibres, 


the internal Air, the Juices, and the Water 


with which the Fibres and the tender Buds 
are impregnated. When an exceſs of Heat 
ſuddenly dilates the Air, the Juices, and the 


Water; this ſudden Dilatation breaks the 


: Fibr es, 


* Mem. de Trev. 1717, p. 1996. p. 2010. 
Y Hiſt, de Laponie. 


* 


* 

4 4 " 
. 14 
. 

A 


\ 


0 


. 


1 HR Where | 


nr DD EA 0 


2 TEL HSSSV 


VaVF = CE 2 X-MEN 


— — — 


— _—  - 


0 


— — — 


* 


—  _ — 


— 


— — 
— ä — 


1 


eee 


* 


— — 


þ 


WW undergo the ſam 


P Conv.I. Of Hrar and Corp. 27 


Fibres, the Jace can no longer circulate 
freely enough to diſtribute proper Nouriſh- 
ment; they languiſh, the dead Buds grow 
black, and appear blaſted. | 

Ariſt. Is a ſudden exceſs of Heat there- 
fore abſolutely neceſſary to produce this ſad 
Effect? 


Eudox. If the Heat, which ſucceeds the 


1 | Cold, is (light, or encreaſes inſenſibly, neither 


the Plants nor the Buds periſh ; and the Vine- 


dreſſer rejoices to ſee the Vine eſcape with- 
out danger. 


Ariſt. Should 


t the Branches of Trees 
ate as the young Plants. 
Enudox. No, becauſe the Branches of Trees 


? ; have ſtronger Fibres and leſs watry Juice, 


Ariſt. Since our Diſcourſe is fallen upon 
the Phænomena of Heat and Cold; let us 


ſay ſomething of the Florentine Thermo- 
meter. 


Eudox. This Thermometer, Fig. 1. is a ſort 
of Glaſs-Viol (a), whoſe Neck (bc) is very 
long. The Bowl is filled with Spirit of 
Wine coloured, about half way up the Pipe. 
Then the remaining part of the Pipe is heat- 
ed, in order to rarefy and drive out the Air, 
Laſtly, the upper end (c) is hermetically cloſcd, 
by melting it with an Enameller's Lamp. In 
proportion as the Heat encreaſes, the Liquor 
mounts, and the reaſon is very clear. he 
more the Heat encreaſes, the more the 


puicles, whoſe Agitation cauſe the Heat, Gi. 
late 
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late the Air ſhut up in the Pores of the Li- 
quor, as well as the Liquor itſelf. The more 
the Air and the Liquor are rarified, the more 
Space it occupies. The more Space it fills, 
the more it ought to mount. 

Ariſt. By a contrary reaſon, in proportion 
as the Heat diminiſhes, or the Cold augments, 
the Liquor deſcends. The more the Heat 
diminiſhes, or the more the Cold encreaſes, 
the leſs the Corpuſcles, which dilated the in- 
ternal Air, and the Liquor rarefy them. The 
leſs they rarefy them, the more the Parts of 
the Liquor approach one another. The more 
they approach, the more thoſe of the Bowl 
give way to thoſe of the Pipe. And the 
larger Space thoſe in the Pipe find in the 
Bowl, the more ought they to deſcend. 

Eudox. Therefore the Diviſions or Degrees 
upon the Board, to which the Thermometer 
is faſtened, ſhow us the different degrees of 
Heat or Cold ; and you have nothing to do 
but regard the Thermometer, to know phi- 
loſophically whether you are hot or cold. 

Nevertheleſs, if after the cold Wind has 
made the Liquor deſcend in the Thermo- 
meter expoſed to the open Air, you cover 
the Bowl with Snow, the Liquor will re- 
aſcend. 

Ariſt. That is, becauſe the Snow is leſs 
cold than the Wind, or becauſe it receives 
into its Parts the nitrous Spirits, which the 
Wind has made to enter into the * 

ut 
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ut what is more ſurprizing is, that when you 
cover the Bowl of the Thermometer with 
your hand, in order to heat and raiſe the 
Liquor, it firſt ſinks before it riſes above its 
former Level *. 
Eudox. The Rarefaction which is cauſed 
ü E. the heat of the Hand even in the Glaſs 
of the Bowl, before it cauſes any in the Li- 
quor, increaſes immediately the Capacity of 
the Bowl, before it increaſes the Extenſion of 
the Liquor ; and conſequently the Liquor - of 
© the Pipe ought to ſink immediately, till the 
Heat has rarefied it, and forced it to mount, 
notwithſtanding the increaſe of the Capacity 
of the Bowl. 
Have you a mind to ſee the Thermometer 
XX ſink of a ſudden? Put Salt-armoniack pow- 
dered into ſome Water. The Glaſs which 
contains the Water will be tarniſhed on the 
# out-ſide, and covered with little Drops as 
high as the Water. Then plunge the Bowl 
of the Thermometer into that Water; and 
the Spirit of Wine will immediately de- 
ſcend, and that much ſooner than in common 
Water. 
1 Ariſt. The Water, which communicates 
ſome of its Motion to the Salt-armoniack, 
loſes it, and cools in proportion to its loſs. 
The Parts of the Veſſel, and thoſe which paſs 
through it, are therefore leſs agitated. The 
Vapours which hover about the Glaſs, find 
there 
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there a leſs Agitation, and receiving leſs, they 
therefore communicate the more of their own. 
The more they communicate, the more they 
loſe. Wherefore they unite themſelves upon 
the Surface of the Glaſs, ſo as to become vi- 
ſible Drops, which tarniſh the out-ſide of the 
Glaſs. When you dip the Bowl of the Ther- 
mometer into this chill'd Water, the Spirit 
of Wine which is more agitated, rather com- 
municates ſome of its Motion than receives 
any from it. The internal Air contracts it» 
ſelf; the Parts of the Liquor approach one 
another ; the Liquor deſcends, and teaches us, 
that to cool Beer or Wine in the Summer+ 
time, we have nothing to do but to put the 
Bottles into Water, impregnated with Salt- 
armoniack. 

. Eudox. The Thermometer teaches us by 
theo viciſſitudes of Elevation and Deſcent, 
ſomething very curious; which is, that ſub- 
terraneous Places are hotteſt when they appeat 
cold, and coldeſt when they appear hot. 
One would think that they were colder in 
Summer than Winter ; but the Thermometer 
proves them to be colder in Winter than 
Summer. For M. Mariotte having placed a 
Thermometer, for ſeveral Years, in a Vault 
under the Obſervatory, 84 Foot dcep, and 
after that in a Cellar in the Rue St. Facques, 
30 Foot deep *, found that the Liquor de- 
. in Winter, and roſe in Summer con- 

ſtantly, 

* Mariotte, du Froif & du Ghaud, 5 57. 


* 
Conv. I. Of Har and Cord. 31 
2 ſtantly, in proportion as the Heat or Cold 
vere greateſt upon the Surface of the Earth, 


ey chough che Increaſe or Diminution was much 
on more ſenſible upon the Surface of the Earth, 
Vi than in the Cellars. 

he 8 But why ſhould Vaults appear cooleſt in 
er- Þ Summer, though at the ſame time they are 
tit F leaſt ſo? 


FT Ariſt. 1. In the Summer, the exceſs of 
, Heat is greater upon the Surface of the Earth, 


& than in Caves, where it enters but flowly, 
ne and with difficulty: Conſequently it is like- 


is, viſe greater in the Parts of the Skin than in 
Is * the Air of the Caves; therefore the Parts of 
he the Skin rather communicate their Agitation 
t- to the Air in the Caves, whither one de- 


FX feends,. than receive any from it. The more 
IF they communicate, the more they loſe, and 
2X the Soul is acquainted with this exceſſive 
8 loſs by a greater Senſation of Cold. 
2. The internal Part of the Skin is more 
| ſenſible than the outer; and the Pores being 
more open by the Heat in Summer, permit 
more Air to enter. This exeeſs of Air be- 
ing but moderately hot, exceſſively diminiſh 
the Agitation of the internal Parts of the 
Body, and there cauſe a more lively Senſation 
of Cold. 

Why do thoſe who come from Countries 
fituared under the Line, or from Regions ex- 
traordinarily hot, ſhake with Cold in the 
midſt of Summer when they approach the 
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Borders of France? Becauſe the Parts of the 4 ; 


Skin being greatly agitated, and the Pores 4 


very open, the Rencounter of an Air much 
leſs hot, which is inſinuated into the internal 
Part of the Skin, ſerves but to diminiſh the 
ordinary Heat of their Conſtitution. But, 
laſtly, why do Caves appear hot and ſmoaking | 
in Winter, though they are colder than in 
Summer? 
Eudox. It is for a contrary reaſoti. f. In 
Winter the exceſs of Cold is greater upon 
the Surface of the Earth, and in the Parts of 
the Skin, than in Caves, as may be remarked 
from the Thermometer. Wherefore the Skin, 
far from communicating its Agitation to the 
Air of the Caves, receives ſome degrees of 
Agitation from it, and the Soul is warned 
of it by a Senſation of Heat. 2. The Pores 
being cloſed by the Cold in Winter, the Air 
in the Vaults does not enter into the inner 
Parts of the Skin; or if it does enter, it is 
to carry thither ſome increaſe of Agitation, 
3. The Vapours of Caves in Summer are im- 
perceptible, becauſe nothing re-unites, enlarges, 
or renders them perceptible. But in Winter, 
they. become ſenſible, by being retarded and 
re-united by the Cold, and form a kind of 
Smoak, like the Vapours, which go out of 
the Mouth. 
The Appearance which ſurprizes me the 
moſt, is a Lake mentioned by an E W 
atu- 


1 1 
4 
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* 
- 


he aturaliſt'. There is always Ice in the mid- 
es Ille of this Lake, even in the greateſt Heat of 
= WS ummecr, when the Ice in ſeveral neighbour- 
11 


Wng Lakes is entirely melted. 
he Ariſt. Probably this is a Place which fur- 
AD iſhes a great quantity of Nitre and Salt-petre, 
pable of freezing the Water, and conſe- 
Muently of preventing the Diſſolution of the 
. 

And is it not the ſame Author, who tells 


IN . on the contrary, that the Lake of Neſs 
of Y never froze ; and that in the greateſt Cold 
ed ere ariſe from it kinds of Fogs, and very 
n, Mick Clouds? | 

— #Eudox. This may be a Place, where the 


bterraneous Heats, which 'cauſe Fogs and 
louds, excced the greateſt Cold. 

Ariſt. One word more, Eudoxus, con- 
rning Heat, and I am ſatisfied. The greateſt 
eats ought not to happen in Summer, as 


is imagine, becauſe_then the Sun is fartheſt 

n. Fon us. 

n- MF Eudox. Bodies loſe their Motion ſo much 
TS, e more ſlowly, as they are the more ſolid; | 
I us: melted Gold hardens and cools much 

id Mower than Lead. That being ſuppoſed, when 

of e Sun begins to remove from us the firſt 

of Pay of Summer, the Earth till preſerves the 


cat Which it had received in the Spring 3 
nd the retained Heat joined to that, which 
t every Day receives from the Sun, even 


® Journ. des Sgav. Juill, 1675. p. 179. 
Vo L. II. D while 
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while it is diſtant from us during the Sum- 4 
mer, occaſion the * Hcats of this Sea- F q 
ſon. 3 
But according to you, ought the great Cold | 
to be felt in Winter! 1 
Ariſt. I find my Anſwer in yours. The 
Earth, which during the Autumn, even to the 
beginning of Winter, cools by the Removal 
of the Sun, and not meeting at the firſt Re- 
turn of the Sun, with a force capable to pe- 


; 

netrate it, continues to fink, and loſe its 
i | 
Agitation as well as the Air, far from receiv- 
ing a ſenſible Augmentation, till the Sun ap- 
proaches near enough to penctrate it with a 7. 
force capable of agitating anew, as it happens WH 


towards the end of Winter. | K 
Eudox. However, I do not know whether 
upon our Principles we can account for a 
very remarkable Paradox. Under the Torrid 
Zone it is generally coldeſt, when the Sun 
is neareſt, and hotter in proportion as it is 
farther off; ſo that the Summer of thoſe 
People, which inhabit between the Equator 
and the Tropick of Cancer, begins at Chriſt. A 
mas, and their Winter at Sz. John's Tide“. 1 
Ariſt. Under the Torrid Zone, while the 3 
Sun is neareſt and almoſt perpendicular, it 
attraQts an exceſſive quantity of Vapours; and 
this exceſs tempers the Heat, when the Sun 
is removed, the quantity of Vapours is much | 
leſs; and the exceſs of Heat prevails. Where- 
fore 


© Voſius de Nili orig. Journ. des Sgav. 1666. p. 386. 
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fore, this Reverſing of the Scaſons under the 
Torrid Zone. 
Eudox. One word more, Ariſtus, and I 
am content; which is only to explain to me 
how the Heat produces the Cold. Put cold 
Water into a great Baſon. Into the middle 
of ſome Water plunge à Glaſs- Cucurbite, - 
full of Water equally cold. Put into the 
Y Cucurbite an excellent Thermometer; leave 
it ſome conſiderable time for a trial. When 
Nit is in a degree of Cold proportionable to 
che Cold of the Water, throw ſuddenly into 
tne Baſon of Water four or five Shovels full of 
ive-Coals: In an inſtant the Liquor in the 
BN [Thermometer will ſink two or three Lines “. 
Ariſt. The Water which ſurrounds the 
oss Veſſel, preſſed violently on a ſudden, 
and of all ſides by the Vortex of fine and 
ſubtle Matter, which goes out of the burn- 
ing Coals, and with which the Coals are ſur- 
rounded, is immediately condenſed, loſes 
F ſome of the Motion of its Liquidity in the 
Condenſation, and contracts a Coldneſs in 
roportion. This exceſs of Cold is commu- 
nicated to the Water of the Glaſs-Veſlel, paſſes 
from this Water in the Liquor of the Ther- 
mometer, and makes it deſcend. 
Eudox. But the Liquor mounts again im- 
mediately. 
Ariſt. That is, becauſe theWater in the Baſon 
— quickly heated, immediately heats the 


oo Water 
* Mem.de “Acad an. 1700. p. 119. 
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Water in the Glaſs, and conſequently the 
Liquor of the Thermometer. 

Eudox. Heat and Cold, Ariſtus, meet again 
in Fermentations: they are a natural effect of 
the Heat. 

Ariſt. Well, Eudoxus, I am diſpoſed to 
ſecond your Reflections upon ſo curious a 
Subject. 


4 
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CoNVERSATION II. 


¶ cui CHYMICAL FERMENTATIONS. 


$-- RA, Eudoxus, tell me di- 

* 2 1 ſtintly what Fermentation is, 

=> what Bodies ferment in the 
Mixture, the different Species 

4 of Fermentation, the Cauſes of Fermentation; 

k d I will endeavour to explain the principal 

hænomena in favour of your Diſcoveries. 

Eudox. We ſay that Bodies ferment, when 

Ve obſerve in certain Mixtures, an internal 

\ ommotion of the Parts, accompanied with 

a Rarefaction. What then is Fermentation? 

4 "7 is an internal Commotion of the imper- 

NJ ceptible Parts, accompanied with a Rarefac- 

tion. The Rarefaction diftinguiſhes the Fer- 

mentation from the Liquidity. 1 
Bodies capable of fermenting do not al- 

ways ferment when mixed indiffercntly. In 

order to ferment, they muſt have a certain 

relation. In what does this Relation conſiſt ? 

In that ſome are porous and ſpongeous, and 

therefore proper to receive the Action of 

others with ſome reſiſtance; and the others 


D 3 ſtiff 


4 

=. 
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ſtiff and pointed, and by that means capable 
of penetrating with ſome force into the Pores 
of the firſt. In ſhort, in Fermentations the 


hardeſt Bodies are diſſolved; and there is no 
relation more ſuited for theſe ſort of Diſſolu- 1 


tions, than what I have juſt now mentioned, 
ſeeing there the Diſſolvents have the force of 


a Wedge and an inclined Plane. Thus, from 


Bodies which ferment, they extract different 
Salts, namely Acids and Alkalies, two Species 
of Salts very oppoſite and remarkable in 
Chymiſtry. The Acids are like Darts ſtiff, 


long, pointed, and edged. The Alkalies are A 


Corpuſcles more groſs, carthy, porous, and Z A 
ſpongey, like ſo many Sheaths and Scabbards 


proper to receive the Acids. 
The Acids are volatile; the Alkalis are 


fixt, at leaſt for the generality ; why? The 
Acids, before they arc freed and diſengaged, 


are locked up, abſorbed or concentred in ſo 
many little Portions of Earth ; the Fire is the 
only Agent which can diſcngage them. In 
the Operation, the Acids being lighter than 
the Earth, are cxalted and ſublimed ; which 
is the reaſon why they are called Yo/atiles. 


The ſmall Portions of Earth deprived of their 4 
Acids, and which are called Salts, upon the 
account of an acrid Taſte which they have Y 


received from the fiery Particles, and the al- 


kalious Salts, becauſe of their Pores being 
open, and diſpoſed to receive new Acids, re- 


main man in the bottom of the Veſlel ; 
2 


and 


1 


be! 
& 


4 7 | 
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1 and upon this account are the acrid alkaline 


ble alts called fixt, in oppoſition to the Acids, 
cs "I which are volatile. 

he of The Alkalies however are not always fixt ; 
no for being united with a ſmall quantity of 
u- Acid, which they always retain, and to ſome 
d, Portion of Oil, the whole ſometimes becomes 
of P volatile. In this caſe they have a ſtrong, pe- 
M netrating and urinous Taſte and Smell; and 


1 this is What they call an alkaline, volatile 
| A and urinous Salt. 

Acids may become alkaline, ſeeing that 
iff, after they are diſengaged from their Sheaths, 
are * they may be re- united to others more or leſs 
nd carthy and oily. | 

rds "F) The Oils of Box and Cloves, and generally 
* thoſe which are drawn off by Diſtillation, 
are contain a great deal of Alkali. The ſtrong 
he Waters, ſuch as Spirit of Salt, Spirit of Nitre, 
ed, X Spirit of Vitriol, Spirit of Alum, Sulphur, 
ſo and Aqua-Regia, contain a great deal of Acid. 
But what is this Spirit of Salt? Put, upon 


In the Fire, in a Crucible or a Retort, ſome 
lan Bay- Salt or Salt- Petre, with ſore beaten 
ich Brick, or elſe ſome Vitriol or Alum without 
es any mixture : theſe Bodies reſolve into their 


Principles or eſſential Particles; namely, into 
Acid, Phlegm, and Earth, which they call 
a Caput Mortuum. This being ſuppoſed ; 
What is the Spirit of Salt? A Liquor 
compounded of Acids, and Phlegm extracted 
from Common or Bay-Salt. Spirit of Nitre 


D 4 is 
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is a Liquor compounded of Acids and Phlegm, 
drawn from Salt-Petre. The Spirit of Vitriol 
is a Liquor compounded of Acids and Phlegm, 
drawn from Vitriol. Spirit -of Alum is a 
Liquor compounded of Acids and Phlegm, 
extracted from Alum. Spirit of Sulphur is 
a Liquor compounded of Acids and Phlegm, 
extracted from Sulphur. Aqua- Regia is pro- 
perly a Solution of Bay-Salt in Spirit of 
Nitre, &c. 

To draw off Spirit of Salt, or Bay-Salt, or 
Spirit of Nitre or Salt-Petre, they-make uſe of 
extrancous Bodics, that the Particles of Bay- 
Salt and Salt-Petre, paſſing and repaſſing ſe- 
veral times through rhe Interſtices of theſc 
Bodies, may be diſengaged from the terreſ- 
trial Matter which envelops them, and may 
be reduced to their firſt Principles. They do 
not employ theſe extraneous Bodies for Spi- 
rit of Vitriol, nor for Spirit of Alum; be— 
cauſe their Particles are not ſo bound up with 
the Earth. 

Theſe ſorts of ſtrong Waters and Vinegar 
cauſe Fermentations in different Oils, and in 
different Bodies: Spirit of Nitre, for example, 
with Oil of Cloves, Pewter, Copper, Iron, 
Steel, Silver, and Mercury : Aqua-Regia with 
Gold and Antimony ; Vinegar with Lead and 
Coral. Among theſe Fermentations, ſome 
are hot, and ſome are cold. 

They call thoſe Fermentations hot, which 
are made with a ſenſible Heat; as thoſe of 

Spitit 
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WJ Spirit of Nitre with Iron or Steel. Thoſe 
are called cold, which are made without any 
ſenſible Heat, as thoſe of Vinegar with Lead 
or Coral. Hot or cold Fermentations are 
occaſioned by the mixture of Bodies hetero- 
geneous of different Species. Nevertheleſs 
certain Acids ferment together, as like wiſe 
certain Alkalics with other Alkalies *. Spirit 
of Salt, though it be an Acid, is a kind of 
Alkali with reſpect to Spirit of Nitre, and 
Z ſuch an Alkali may be an Acid with regard 
ro another Alkali. 
2X Alkalies or Bodies porous and ſpongey, 
+ which receive the Action of others, are pro- 
& 7 perly thoſe which ferment. The Acids, or 
the Bodies which penetrate the Alkali, are 
the Ferment. The particular relation of Acids, 
or the Ferment with the Bodies which fer- 
ment, or the Alkalics, is a Diſpoſition to 
Fermentation. The Irruption of the Ferment 
into the Bodies which ferment, is the neareſt 
efficient Cauſe. But this Ferment has not 
Motion enough in itſelf to produce ſuch ſur- 
prizing Appearances; there muſt therefore be 
a remote, efficient Cauſe, external to the Fer- 
ment, and the Bodies which ferment. 
What then is this external Cauſe of Fer- 
mentation? The ſubtle Matter. For it is the 
ſubtle Matter, or the Air, ſeeing it is an in- 
viſible Body: It is not the Air; the Action 
of the Air is too gentle: therefore it muſt be 
the ſubtle Matter. But 
* Hiſt. de “Acad. an. 1714. p. 39. 
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But how does this ſubtle Matter occaſion 
theſe Fermentations? Being charged with the 
Acids which are inſinuated into the Alkalies, 
and which it violently drags along with it, 
it ſtrikes againſt a thouſand and a thouſand 
little Cells full of Air, compreſles them im- 
mediately, and compreſſes the Air. But with 
the force of theſe Shocks, it breaks theſe little 
Priſons with the Action of the Spring of the 
Air, enters rapidly, diſengages, rarefies the 
Air, preſſes with the aſſiſtance of the Air, 
and ſtrikes the Parts of the Alkalies on every 
ſide. Whence ariſes this internal Commo— 
tion of the Parts accompanied with a Rare- 
faction; in which conſiſts the Fermentation. 
Now let us enter into ſome Detail, and ob- 
ſerve the principal Phænomena of Fermenta- 
tions. | 

Ariſt. Theſe principal Phænomena are Diſ- 
ſolution, Ebullition, Efferveſcence, Heat, In- 
flammation, Precipitations, Exaltation, Eva- 


poration, Coagulation, and Cryſtallization. 


How is all this produced ? 
1. The Action of Acids drove into the Al- 
kalies like ſo many little Darts and Wedges *, 
. _— and 


* According to that excellent Chemiſt Profeſſor Boerhave ; 
there are four Conditions required in Menſtruums, to render them 
capable of diſſolving Bodies to perfection. | 

1. The firſt is a due Proportion between the Size of the Cor- 


puſcles of the Menſtruum, and the Pores of the Body to be diſ- 


folved thereby : - for if the Particles of the Menſtruum are too 
imall and fine, they may beealily tranſmitted thro' the Pores of 
the Solvend, without producing their Effect: and if they were 
too 
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and carried away rapidly on all ſides by the 


> of 
- $69 
4 


© ſolves it. : 
be let down with twelve times its quantity of Water; and Oil of 


ſubtle Matter, ſeparates, with the aſſiſtance 
of 


too large, they could not gain admittance between the Parts 
they ſhould ſeparate. And hence it is that faline Menſtruums 
reduced to the conſiſtence of Oil, will ſcarce act at all upon 
thoſe Bodies they would otherwiſe eagerly fret aſunder. Thus 
the ſtrongeſt Spirit of Nitre will not touch Silver, till dilated, or 
weakned, as they term it with Water; but then throughly diſ- 
The fame Menſtruum will not touch Lead before it 


Vitriol will not corrode Iron without a Proportion of that weak- 
ning Liquor. And this lets us ſee the miſtake of thoſe who 
think all Menſtruums diffolve the better, the purer they are 
made, or the higher they are rectiſied. 

2. The fecond 


alification is a determinate Figure of their 


Corpuſcles with regard to the Pores of the Solvend : for the 
Pores of different Bodies are differently figured ; and conſe- 
quently require Particles of ſuitable Figures to enter them. And 
this may be a Reaſon why the {ame Menſtruum is not able to diſ- 


ſolve all kinds of Bodies; -and why ſome Menſtruums, by a 
Change made in the Figure of their Particles, loſe their power 
of diſſolving. Thus Oil of Vitriol, by being digeſted with Spi- 
rit of Wine, becomes unfit to diflolve ſome Metals; and Spirit of 
Nitre, which either alone, or diluted with Water, diſſolves all 
Metals except Gold; will touch none of them after it is dulci- 
fied, as they call it, by being digeſted with Spirit of Wine; but, 
upon Silver, for Inſtance, only gains a red Tincture. Thus alſo 
Spirit of Salt, or Aqua Regia, treated after the ſame manner, 
will not diſſolve Gold, but only grow yellow thereon, gc. 

3. The third Qualification requiſite to the Action of Men- 
ſtruums, is Solidity and Stiffneſs of Parts. The Solidity of a 
Body is known by its Weight, as we learn from Mechanicks ; 
and the heavier the Matter, the greater, ceferis paribus, is its 
Moment or Motion; and the ſtronger its Action. 

The relative rigidity and ſolidity of Parts between the Solvent 
and the Solyend, may exceedingly vary the Force of Menſtruums. 
The writers of Mechanicks ſuppoſe their Inſtruments, as Levers 
for inſtance, inflexible, or infinitely ſtiff; which makes their 
Force and Strength the greateſt that is poſſible: and this ſtiffneſs 
depends upon the immutability of their Figure. Now a Body 
that is ſtiff acts very differently from one that is flexible. A 
Knife of Braſs or Lead, will not cut like one of Steel or Iron. 
Ve 
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of the Spring of the internal Air, the Parts 
of the Alkalies; and conſequently the groſſer 


Parts 


We have an Inſtance of the great Force of the rigidity of Parti- 
cles from what we take in at the Mouth; which we call Ali- 
mental, if it proves ſo yielding that its nature may be changed 
into ours by the Force reſiding in the Body; if what we re- 
ceive this way, has only that ſtiffneſs, as to cauſe ſome change in 
our Bodies, at the ſame time that itſelf is changed thereby, we 
call it a Medicine; but if it proves ſo rigid as to be inſuperable 
by the natural Actions of the Stomach, Inteſtines, Cc. and al- 
ters the Body to its Deſtruction, we properly term it a Poiſon. 
Rigidity will cauſe an impreſſed Motion to be communicated 
with the greater Force ; and its Quantity is known in Bodies by 


the greater or leſs Reſiſtance they make to a change of their 


Figure, and their degree of Mutability. | 

This Doctrine holds true of Menſtruums; and therefore as 
Metals are the ſtiffeſt Bodies in Nature, *tis impoſſible to diſſolve 
them kindly by any thing but Metals. Tho' Mercury be diſſolv'd 
a thouſand ſeveral times in Aqua fortis, it always appears the 
ſame upon Reduction; and Gold will for ever remain unchanged. 
And hence it is, that no vegetable or animal Menſtruums can 
reſolve Metals into their firſt Principles. The moſt powerful and 
rigid Menſtrums, therefore, are obtained from the foſſil King- 
dom; the next powerful after theſe from the Vegetable; and the 
weakeit, ſofteſt and moit changeable of all, from the animal 
Kingdom. 

4. The fourth and laſt Qualification, is a fir Diſpoſition of 
the Corpulcles of the Menſtruum, when received into the Pores 
of the Solvend, to make ſome ſtay there, and nor immediately 


Faſs through them, but a& every way upon the Body, as they 


move toward the external Surface thereof. Unleſs this were 
the Caſe, no Solution could ever be made; for if the Parti- 
cles of a Menſtruum, when received intothe Pores of the Solvend, 
were not to move forwards, they would conſtitute one Bod 

therewith ; whence no ſeparation of parts could poſſibly enſue. 


There is, therefore, requiſite to this Action, ſome cauſe able to 


drive on the Particles of the Menſtruum, after they are admitted 
into the Pores of the Solvend; tho! not with a free and eaſy 
Motion. This Impulſe may proceed from the Air, Triture, exe. 
but perhaps principally from the never-ceaſing Action of Fire; 
for all other Bodies, it tingiy contidered, or as having a ſeparate 
and independent Exiſtence, mult remain at reſt for want of an 
attractive Power to cxcite them. Thus even Water would be a 


moveleſs 


| 9 Conv. II. Of Chymical Fermentations. 4 5 


X Parts which environ them, even in Bodies 
W which arc hard. And this Separation of the 
Particles 


moveleſs Body, were not the Fire contained therein to agitate its 
parts, and keep them in a Fluor; for deprive it of this, and it 
will immediately be converted into ſolid Ice. Now, Fire exerts 
I but little Action upon uniform and perfectly ſmooth Bodies; as 
Cold, from the great Homogeneity of its Parts, ſcarce ſuffers any 


Alteration by it; whilſt Wood, for the contrary Reaſon, has a 


great change made in its partsthereby. Whence we may infer, 
chat the Corpuſcles of a Menſtruum ought fo to be ſtruck into 
1 N the Pores of the Body to be diſſolved, that ſome diſſimilitude, 
difference, or heterogeneity of the Parts may then ariſe ; as 

would happen, if the Particles of the Menſtruum entered the 
Pores of the Body with one end, whilſt the other ſtuck out 
above its Surface: in which caſe, the Fire, by ſtriking upon all 
the extant Parts, would wedge them in farther, and thereby 
effect the Diſſolution. Bur if the whole Particles ſhould at once 


enter, ſo as to conſtitute one homogeneous Body with the Solvend, 


5 
23 


Reaſon why Heat, tho in general it promotes diſſolution in Bodies, 
vy cauſing the ambient Fluids to impinge with the greater force 
upon the extant Parts of the Menſtruum, may, in ſome caſes 
prove an impediment thereto, by driving the Corpuſcles of the 
Menſtruum ſo far into the Pores of the Solvend as to leave no 
part of them extant, or ex poſed to the Force or Agitation which 
| 0 ſhould bring about the Solution. Thus the Flowers of Zink, 
+ when boiled in You, ak remain untouch'd therein, like ſo much 
Sand; yer will preſently diſſolve, if rhe Vinegar be poured on 
cold. The ſame alſo happens in a mixture of Iron and Tin; 
whence, poſlibly, Zink is a Compoſition of thoſe two Metals. 
On the other hand, there are ſome Solutions, that require the 
Aſſiſtance of Heat; for inſtance, Spirit of Nitre will not diſſolve 
& Mercury without it. But it is not ſtrictly true, we ſee, that all So- 
IT 1utions will be the better per for med, the greater is the Heat employed 
to make them. Diſſolutions are carried on in the greateſt Perfection, 
when the Corpuſcles of a Menſtruum, received into the Pores of 
dhe Solvend, are reſiſted by the way; yet continue moving, tho 
== ſlowly, forwards. Upon the whole it appears, that every Men- 

ſtruum requires a certain Size, Gravity, and Motion of its Parts, to 
determine it to action; after being applied to the Body whereon it is 
deſigned to act. This Application is made by the means of Gravity, 
without which one Body could never be applied to another ; 
but this Gravity varies with the Quantity of the Atmoſphere 
concerned : 


\ vo diſſolution would thereby be procured. And this gives us the 
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Particles is a Diſſolution. Therefore Vinegar 
diſſolves Coral; Spirit of Nitre, Tin, Cope 
per, Iron, Steel, Mercury, and Silver; Aqua- 
Regia, Gold. The Diſſolvents of ſome cer- 
tain Bodies cannot diſſolve other Bodies, be- 
cauſe they cannot find any admittance into 
their Pores, or that they find the Paſſage too 
open. 

2. The Parts of Alkalies ſtruck on all ſides 
uncqually by the Action of Acids, and of the 
Air diſengaged by the breaking of their little 
Priſons, raiſe the Matter which environs them, 
ſwell it, and make it aſcend with a ſenſible 


concerned: whence Salts cannot be made to act as Solvents in 
the exhauſted Receiver; and all things loſe their Taſte upon the 
Tops of very high Mountains. | 

From what we have hitherto laid down of Menſtruums, we 
may draw this general Concluſion; that, as the primary Fle- 
ments of Bodies are never diſſolved, all the chemical Solutions 
made by means of Menſtruums, reach no farther than to ſepa- 
rate one primary Element from another ; the Particles of the 
firſt Compoſition being abſolutely ſolid, with regard to Chemical 
Operations; ſince their Pores, if they have any, are impervious 
to the fineſt Particles of our Solvents; on which account, they 


may, with regard thereto, be well enough ſuppoſed to have 


none: for there muſt of neceſlity be a certain Proportion be- 


tween the Particles of the Solvent, and the Pores of the Sol- 


vend. It ſhould ſeem to me, that God originally divided 
Matter into numberleſs Particles infinitely ſmall and uncapable 


of any farther Alteration, or Change, by the eſtabliſhed Powers | 
of Nature; and that the Reſolution of Bodies into theſe origi- 


nal Corpuſcles, is the utmoſt Effect of Chymiſtry ; beyond which 
it cannot go, in the Buſineſs of Solutions. But theſe elemen- 
tary Corpuiclgs only ſeem incapable of farther Change ar Se- 

ration of Parts, becauſe they are perfectly ſolid, or at leaſt 


2 
LT their Pores are too ſmall to be entered by any Bodies in 4 


Narure. 


Vid. Shaw's Chem. p. 344. 
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ar Agitation; and this Kind of ſwelling and bub- 
p- Un i- 
bling of the unequal and the unequally agi 
la- tated Particles, where you ſee Bubbles of Air, 
18 is an Ebullition. And if there is likewiſe 
th any ſenſible Heat; it is an Efferveſcence. 
T 3. If the Parts of Bodies to be diſſolved 


are not well knit together; they caſily yield 
to the Action of the Diſſolvents, and receiv- 


les ing it ſucceſſively, and without Reſiſtance, 
he they blunt it, much after the ſame manner, 
tle as Wooll blunts the Action of a Bullet. 
m, "WM Wherefore Spirit of Vitriol and common 
ble Water, Vinegar, and Coral ferment; Oil of 
8 itriol and Salt-armoniack make violent Ebul- 


itions without any ſenſible Heat *. But the 
Alkaline Parts make a much greater reſiſtance 
Fro the Action of the Acids; becauſe receiving 


** then a greater Impreſſion, a greater Agita- 
ions tion upon their Center, and every way, for 
* the Diſſolvents act ſo much the more ſenſibly, 
ical as the Bodies which they diſſolve, reſiſt the 
ious more, they produce a ſenſible Heat. Where- 
Sev d fore Spirit of Nitre, with Filings of Steel, or 
be- Oil of Tartar, makes an Efferveſcence, and 
Sol- a very hot Ebullition. 

able 4. In the ordinary Fermentations, there is 


a Suſpenſion of Particles, Precipitation, Exal- 


Woh tation and Evaporation * ; Suſpenſion, I ſay, 
near when 


Þ Mem. de PAcad, an. 1701. p.96. 

When Salt of Tartar runs per deliquium, is not this done 
by an Attraction between the Particles of the Salt of Tartar, 
and the Particles of the, Water which float in the Air in the 
torm 
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when the Particles diſſolved ſwim in the Diſ- 


ſolvent ; Precipitation, when they fall to the 
bottom 


form of Vapours? And why does not common Salt, or Salt- 
petre, or Vitriol, run per deliquium, but for want of ſuch an 
Attraction? Or why does not Salt of Tartar draw more Water 
out of the Air, than in a certain proportion to its quantity, but. 
for want of an attractive Force after it is ſatiated with Water ;— 
When Aqua-fortis or Spirit of Vitriol poured upon Filings of 
Iron, diflolves the Filings with a great Heat and Ebullition, is 
not this Heat and Ebullition effected by a violent Motion of the 
Parts, and does not that Motion argue, that the acid Parts of 
the Liquor ruſh towards the Parts of the Metal with violence, 
and run forcibly into its Pores, till they get between its out- 
molt Particles, and the main Maſs of the Metal, and ſurrounding 
thoſe Particles looſen them from the main Maſs, and ſet them 
at liberty to flow off into the Water? And when the acid Par- 
ticles which alone would diſtill with an eaſy Heat, will not ſe- 
parate from the Particles of the Metal without a very violent 
Heat, doth not this confirm the Attraction between them? 

When Salt of Tartar per deliquium, being poured into the 
Solution of any Metal, precipitates the Metal and makes it fall 
down to the bottom of the Liquor in the form of Mud ; does 
not this argue that the acid Particles are attracted more ſtrong- 
ly by the Salt of Tartar, than by the Metal, and by the ſtronger 
Attraction go from rhe Metal to the Salt of Tartar ? It a 
very ſmall quantity of any Salt or Vitriol be diſſolved in a great 

uantity of Water, the Particles of the Salt or Vitriol will not 

dak to the bottom, tho they be heavier in Specie than the Wa- 
ter, but will evenly diffuſe themſelves into all the Water, ſo as 
to make it as ſaline at the top, as at the bottom. And. does not 
this imply, that the Parts of the Salt or Vitriol recede from one 
another, and endeavour to expand themſelves, and get as far 
aſunder as the quantity of the Water in which they float, will 
allow? And does not this Endeavour imply, that they have a 
repulſive Force by which they fly from one another, or at leaſt, 
that they attract the Water more ſtrongly than they do one an- 
other? For as all things aſcend in Water which are leſs attrac- 
ted than Water by the gravitating Power of the Earth; ſo all 
the Particles of Salt which float in Water, and are leſs attracted 
than Water by any one Particle of Salt, muſt recede from that 
— and give way to the more attracted Water. Newton's 
Opticks, © 

From the Doctrine of Attraction and Repulſion, all the Phæ- 
nomena in Chymiſtry ſeem capable of being accounted for. 


2 
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3 Xttom of the Veſſel ; Exaltation, or Subli- 
4 ation, when they ariſe to the ſuperiour Sur- 
Nee of the Liquid; Evaporation, when they 
e diſſipated. What is it that holds the Par- 
les ſuſpended ? If the diſſolved Particles 
e of the ſame weight with the Menſtruum, 
2 is their being of equal weight with the 
id. Arc they ſpecifically heavier? It is 
eir union with the lighter Particles of the 
d Spirit, or the largeneſs of their Surface, 
ether it be occaſioned by their ſmallneſs, or 
eir union with the Acids. Are they more 
Whit of themſelves? It is their union with 
Mie Particles more heavy. If the ſuſpend- 
Particles are large enough to obſtruct the 
age of the Light, the Fluid-loſes its Tranſ- 
* ency, and its Liquidity. What cauſes the 
cipitation of thoſe Parts which fall to the 
ttom? An encreaſe, or an exceſs of weight 


Mer the reſt of the Fluid. Pour common 


SEPT: - 


Hater upon a Diſſolution of Silver, with Spi- 
of Nitre, or Oil of Tartar, upon a Diſſo- 
tion of Gold, with Aqua Regia. The Sil- 
Ir and the Gold precipitate, becauſe being 
Wicngagcd from the Acids by the Water, and 
e Oil of Tartar, they are heavier than the 
uiid. The Exaltation of the diſſolved Par- 
les ariſe from an oppoſite Principle. Theſe 
articles being light, and ſeparated from the 
zavier ones, aſcend, being thruſt upwards by 
c excels of weight which is found in the 
ſt of the Fluid, or by the Direction which 
Vo. II. E they 
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happens to Camphire diſſolved with Oil of 


culæ, which remaining expanded in the Li 


\ 
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they receive in their Agitation. This is What 
1 | 


| 
, 


Olives. In the Exaltation or Sublimation the 
violence of the Heat, or the Agitation throws 
out of the Liquor a quantity of Air, and the 1 
diſengaged Particles; and this is Evaporation. 4 
Do the evaporated Particles carry off any 
groſs and watry Parts? There ariſes a Smoke 
above the Fermentation, which preſents us 1 1 
with a thick Smoke ariſing from a mixture 
of Oil of Box and Aqua-»fortis citrina, 4 
5. The Fermentation at length ceaſes be. 
fore the Salts are entirely diſſipated. Becauſe, 1 
the Acids becoming blunt by the Reiteration 
of Strokes, can no longer penetrate into the 
Alkali, nor conſequently diſſolve them; or 
the groſſer Alkalies falling one upon another 1 
at the bottom of the Veſſel, make a Mal 
too heavy to be violently agitated by the ſub· 
tle Matter, as it happens in the mixture off 
the Filings of Steel and Aqua-fortis. Thus 
cold Water is ſufficient to renew the Fer- 
mentation ; becauſe cold Water being thrownll 
upon the mixture, forces by its Weight ani 
Motion, the ramoſe Particles to reaſcend, Ii 
and to expoſe themſelves a- new to the Ac- 
tion of the Acids. | 3 
6. When the Fermentation ceaſes, and that 1 
the Acids are intirely abſorbed in the Alkalics, Wi 
or elſe blunted ſo as not to be able to pene-· 
trate them, they compoſe with them Mole- 


f 
gr 
A 


quors, 


* 
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hat Nuors, hinder the ſubtle Matter from conti- 
_of uing there in the Motion of Liquidity ; and 
the | is produces a Coagulation. Upon this Prin- 
0; Wiplc is it that Spirit of Vitriol, with Oil of 
the IT artar per deliguium, cauſes a Coagulation, 
yhich Spirit of Nitre diſſipates by dividing 
ie Molcculz by its ſharp Points, which ſtrong- 
OKC I 7 oppoſed the Action of the ſubtle Matter. 
WS 7. Laſtly, Acids and Alkalies coagulated 
ture 1 nd united without Motion, make ſometimes 
V Species of little Cryſtals; and this is Cry- 
allization. 


Eudox. Let us go immediately into my 
tion Ky mical Laboratory, and confirm what we 
the ve been ſaying by * Nr 1 
3 ot ur Vincgar upon Coral. . .-. It makes a 
ther iſſolution. - * 


Ariſt. That is, becauſe the Acids of the 


ſub - inegar being carried with Rapidity by the 
e of btle Matter into the Pores of the Coral, 
Thus 1 Pitate, break and ſeparate its Parts. 

Fer. Eudox. There is no ſenſible Heat in this 
own Pigolution. | 


and Ariſt. That is, becauſe the Parts of the 
ende oral yielding little Reſiſtance to the Action 
Ac f the Acids, they do not receive from it 
Iny violent Agitation, or that having a po- 
that ¶ iſhed and uniform Surface, they receive from 
alies WW but little circular and univerſal Motion. 
ene. Eudox. Let us put Spirit of Nitre upon 
lole Mercury... There is cauſed an Efferveſcence 
Li- nd an hot Ebullition. 


uors, E 2 Ariſt. 


6 
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Ariſt. The Acids in the Spirit of Nitre, 
ſeconded by the Spring of the internal Air, 2 
meet with more Obſtacles and rugged Parts, 
make more Efforts at a time, communicate ll 
a greater circular Agitation; and this Exceſs il 
cauſes an Efferveſcence, an Ebullition, and 
a ſenſible Heat. 3 y 

Eudox. I pour red Aqua-fortis upon Oil 
of Box . . . . you may obſerve a thick Smoke 
ariſing from the Fermentation. 

Ariſt. The Air which goes off, and the fine 1 
Parts which exhale, carry off the aqueous 3 
Particles, whoſe union ſtops the Paſſage of 3» 
the Light, and forms this thick Smoke. 1 7 
Eudox. I will pour preſently half an Ounce 

of Aqua: fortis upon about as much Oil of 
Guaiacum. . . . You ſhall immediately ſee a 
ſpongey Body, at leaſt half a foot high, ariſe 4 
and proceed from this mixture. N 
Ariſt. The internal Air which is ſtrangely J 
rarefied in the Oil of Guaiacun, by the vio- 
lence of the Fermentation, plainly produces E 
this Phænomenon; it is a Species of philo- 
fophical Fungus. WO. 
Eudox. If 1 ſhould mix the volatile Spri .Þ 
of Sal-armoniack with Spirit of Wine, or Spi- 
ritof Vitriol with Oil of Tartar per deliquium, 
you will ſce a Coagulation. ; 7 
Ariſt. That is, becauſe the Acids being 1 
blunted or abſorbed into the Alkali, make Y 
with them Moleculæ, which block up the 
Paſſage 1 
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ts | aſſage of the ſubtle Matter, and interrupt 
wa ne Motion of the Liquidity. 
wh 6 Eudox. 1 pour Spirit of Nitre upon the 
7 J 4 coagulated Mixture. . . . There is a greater 
6 9 Coagulum. 
1 Y Ariſt. The reaſon is, 1 the Spirit of 
* Y itre diſſipates, by the Action of its Points, 
Oil 1 the Moleculz which obſtructed the Paſſage of 
ke the ſubtle Matter. 
oe Eudox. The Smell ariſing from our Expe- 
fin riments is ſomething, ſtrong. Let us return 
' f % Into my Cabinet, and obſerve there ſome 
"ol 7 hymical Vegetations, either artificial, metal- 
1 'M Wick, or ſimply ſaline, produced by Cryſtal- 
Prations, which are a Species of Coagulations. 
They call chymical Vegetations Cryſtalliza- 
Fions ptoduced by a Diſſolutian, raiſed from 
he middle of the Liquor, or along the ſides 
f the Veſſel, with the appearance of ſome 
Fegular and known Figure, as of a Tree, 
gely 7 Fhrub, Grove or Rock. Among the moſt 
Furious are reckoned the Arbor Dianz, or the 
Iphiloſophical Tree brought to perfection by 
M. -Hombert . The Arbor Martis diſco- 
_. = vered by M. Lemery the Son ® The Bunch 
Pirit of Grapes of M. Petit*. The Arbor Dianz 
Spi- is a Species of Wood or Shrub formed by 
un, the Particles of fine Silver, and of Mercury 
diſſolved in Aqua: fortis cryſtallized and ra- 
e105 BF mificd with the Particles of the Menſtruum. 
nake 3 5 The 
7 © Mem. de Mathemar. & de Phyſ. p. 145. 


4 Mem. de Acad. 1706. 414. 170 0 
© Ibid. 1522. p.97, 8. 1 
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The Arbor Martis is a Vegetation compoſed 
of ſeveral Branches iſſuing from a Diſſolution 
of Filings of Iron with Spirit of Nitre, upon 8 
which has been poured Oil of Tartar per 
deliquium. 38 
The Bunch of Grapes is a Vegetation, which 4 
in ſome manner reſembles Grapes, and pro- 2 
duced by Salt-armoniack diſſolved in Bur- 
gundy, or Champagne, or elſe in common 
Water. A 
If you have a mind to make the Arbor mY 
Dianæ; take four Drachms of fine Silver in iN 
Filings, with two Drachms of Mercury, diſ- 15 
ſolve them in four Ounces of Aqua-fortis. 
After pouring the Solution into three quarters b . 
- of a Pint of common Water, ſhake them to- 19 
gether a while to mix them, and keep them 
in a Phial well ſtopped. Afterwards, when 
you have a mind to make uſe of it, take about 1 
an Ounce of it, and put it into a little Phia!l 
with the bigneſs of a Pea of the Amalgama 
of Silver and Mercury diflolved, or Mercury 
not diſſolved. Let the Phial reſt three or four 1 | 
minutes. Immediately after you will obſcrve 
ſmall perpendicular Threads ariſe out of the 
Ball of Mercury not diſſolved, which encreaſe 
viſibly to the Eye, and ſpread out Branches 
every way : in leſs than a quarter of an hour, 5 
you will ſee a ſort of Shrub of the Colour 
of ſhining Silver ſpring and encreaſe, Fig. 2. 4A 
and this is a Species of Arbor Diane . Y 
87. Would | 4 
f Memoirs de Mathematique & de Phyſique, pag. 146. 4 
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formed without Mercury, but much more 


Would you have a philoſophical Tree 


lowly ? Diſſolve ſome fine Silver in three 
times as much Aqua-fortis. After half the 
Menſtruum is evaporated, put in its ſtead 
double the quantity of Vinegar diſtilled and 
purified from the Phlegm. Let this Mixture 


q E reſt for about a Month; and you will find in 
the middle of the Phial a Shrub reſembling 
the Fir-tree, Fig. 3. . Silver and Mercury 


diſſolved in Aqua-fortis, and afterwards ſc- 
verally mixt with common Water in a Glaſs- 


X Veſſel, will form within a few days, to ap- 


pearance, a kind of chymical Plant, a ſhi- 


| ning Buſh, or ſmall buſhy Shrubs. 


Finally, let an Ounce and an half of Sil- 


ver, and an Ounce of Mercury be diſſolved 


ſeparately in Spirit of Nitre. Mix the two 
Diſſolutions in a large Phial with about twelve 
Ounces of Rain Water diſtilled. Put the 


. 7 Mixture under hot Aſhes for the ſpace of an 


Hour. Upon this Mixture pour three Ounces 
of Sal- armoniack; and in a ſhort time you 
may expect a Shrub, which is formed and 
grows in Winter as in Summer“. 

If you rather chuſe the Arbor Martis ; upon 
a Solution of Iron made by Spirit of Nitre, 
drawn off by Diftillation from the diſſolved 
Iron, of which the ſulphureous and inflamma- 
ble Parts are carried off by it, pour into a 


| E 4 Glats 


Memoirs de Mathematique & de Phyſique, pag. 148. 
" Phytiol. Kircher, p.59. 
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56 Of Chymical Fermentations. 
Glaſs after the Ebullition, Oil of Tartar per 
deliquium. The Diflolution will ſwell. Let 
it reſt. In a ſhort time you will ſee ſmall 3 
Cryſtals ariſe; you will ſee a ſort of Roots, 
Trunks, or ſmall hollow Pipes, Boughs, Leaves, 


Flowers and Fruits, formed and ſpread abroad 
to the Eye, covering the internal Surface of 


the Glaſs, reaching the Brim where the Tree 
is moſt buſhy, bending outwards like certain 
Syphons, and covering the external Surface of 
the Glaſs, in ſome Part at leaſt *”» Sometimes 
the Liquor runs out of itſe#. Pour it back 
into the Veſſel ; Kill it aſcends again, afford- 
ing Nouriſhment to the metalline Plants, til!“ 

it be wholly incorporated with them, and | 

hardened into Branches, Leaves, Flowers, Fruits, 
and ſo ſerve for an Arras Covering to the in- 
ternal and external Surface of the Glaſs, Fig. 4. 
The Glaſs thus adorned with Arras affords a 


more agrecable Spectacle to the Eyes of the 


Chymiſt, than a Glaſs full of the pureſt and 
moſt ſparkling Wine. oh 

Ariſt. Pray, Eudoxus, how ſhall I make ® 
ſome Bunches of philoſophical Grapes ? 1 


Eudox. Nothing eaſier; you have no more 


to do but diſſolve an Ounce of Sal-armo- 
niack in four Ounces of red Burgundy Wine, 


or of Champaign W hite Wine, and expoſc 


this Solution to the Sun in a Dutch Mug. 
Therein will be formed ſome ſmall oblong 


and multiform Heads, full of Grains, ſome- 
what 


Den, de VAcad. an. 1706. p. 414. 1707. p. 305, 


2 woos <a od om ws 


——Ü—E—ö—ͤ— = I ene rior —4ʒj4. ——— ——— —— —ñ— — — TT — . — — — . — — — — 
1 4 v - o 4 ” —_ l 


— _ —— -= 
— - 2 — ——— — — — — — — — — ö[ —_— — — a 


Conv. II. Of Chymical Fermentations. 57 


what like the Surface of Mulberries, and fixt 
to certain Stalks . This much reſembles a 
ſort of philoſophical Grapes: and one would 
be tempted to think that the Grapes love to 
be produced a-new in the Wine, if the Flowers 
of Sal- armoniack being diſſolved in common 
Water did not form finer Grapes than the 
Wine itſelf? But how would you apply this, 


Ariſtus, for explaining after what manner 


Nature produceth ſuch like Vegerations ? 
Ariſt. 1. In Diſſolutions the aqueous Par- 
ticles cvaporate, whilſt the metalline or ſaline 


Particles being more weighty, do not evapo- 


8 ö rate at all, or at leaſt in leſs quantity. | 
2. If the metalline or faline Parts being 


diſſolved in ſome Liquor, happen to be re- 
united in any conſiderable number, either 


through their being abandoned by the aqueous 
Parts which evaporate, or elſe. by means of 
their being forcibly puſht one againſt another 
through the ſimple Motion of the Liquid, 
this is Cryſtallization. | 

3. The (mall Cryſtals are oblong, becauſe 
the Particles which compoſe them do not 
cleave together but in certain homogeneous 
Places fitted for touching one another in the 
largeſt Surface, or for hooking into one an- 
other after the moſt indiſſoluble manner. 

4. The extreme Parts of the ſmall Cryſtals 
being unequally agitated by the Action of 
the Liquid, thoſe which touch the upper 

Surface 


k Mem. de Acad, 1722. p. 98. 
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Surface finding leſs reſiſtance without the Li- 
quid, or toward the Surface, mount upward ; 
whilſt the others, which meet with ſome Ob- 
ſtacle in the bottom, for inſtance, in the 
Mercury, or Amalgama put into the bottom 
of the Veſſel, in order to make the Arbor 
Diane, are faſtened there. 8 
5. A great number of theſe ſmall Cryſtals, 8 
which are almoſt as many ſmall Polyedrums ', 
have their primitive Figures ſuch, that from 
their Texture is formed a kind of Pipes no 
bigger than a Hair. Some of theſe may likewiſe 
be ſeen ariſing from the bottom of the Veſlel, 
which appear like Pipes really hollow “. N 

6. Through this ſort of capillary Pipes the 
Liquor aſcends, even in a Vacuum ®, above 
its Level, being driven by the Action of the 
Liquid, and the Spring of the internal Air ; 
it carries along with it ſome Salt, or metal- 8 
line Particles, and meeting with ſome Obſta- 
cles in the Cryſtals which give it different 
Directions, it runs every way, deſcribing divers 
Figures, which by a certain Arrangement bring 
to our Minds the Ideas of Boughs, Buſhes and 
Shrubs. Thus grows the Arbor Dianz. 1 
If the Cryſtals formed of Nitre, fixt Salt 
of Tartar, and the volatile Sulphur of Iron, 
do by reaſon of their Oilyneſs ſtick to the 
ſides of a Glaſs, the uneven Parts whereof 
make 


| Mem.de 'Ac.1722. p. 109. 


m 1706. p. 415. 1707. p. 306. 
n Hiſt, de Acad. 1722. p. 35. 
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make a kind of ſmall Pipes, and which is 


d; 4 of promoting the Adheſion and At 
)b- Cenſion of Cryſtals and Boughs; the Liquor 
the ¶ puſh'd forward by the Action of the Liquid, 
om and the Spring of the internal Air, aſcends 
dor as it were by ſmall Pipes, and brings new 

Cryſtals, new Boughs and new capillary Pipes 
als, over the former Cryſtals, Boughs and Pipes ; 
is „ a ſecond Covering is made by the help of 
om WE the firſt. Thus the Shrub grows even to the 
no Brim of the Veſſel, where it becomes more 


Y # buſhy, becauſe there the Liquor finds itſelf 
fel, FF ſtopt from aſcending higher. But at laſt the 

* buſhy Texture compoſed of capillary Pipes 
"bends outward, by reaſon of its weight, and 
the Preſſure of the Liquor which comes from 
* the Veſſel; the Pipes draw up as with a Pump 
from within the Veſſel, a new Liquor; the 
new Liquor extends the Vegetation; and the 
Vegetation being extended, covers in part at 
N leaſt the external Surface of the Veſſel. Should 
the Remainder of the Liquor happen to fall 
by its weight, without being formed into 


and BZoughs, let the fallen Liquor be poured again 
into the Veſſel. The capillary Pipes pump it 
Salt up a-new by the ſame Principle. Being un- 
ron, equally ſtopt by divers Obſtacles in ſeveral 
the Places, and being chilled and cryſtallized by 
reof the Coldneſs of the Air, it depoſites new 
lake Juices in different Places of the Vegetation, 


and nouriſnes and augments it. Thus the 
Arbor Martis grows to the Eye. 
The 
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The general Principles which form Trunks 7 
and Branches, make Leaves, Flowers, and 
Fruits. And in the ſame Principles you may | 
ſee the Generation of Bunches of Grapes. i 4 

Eudox. Seeing things ſo difficult to com- N 
prehend, are explained in this manner, we may 3 ; 
eaſily conceive. the Fermentation of Dough ; 'Þ 
what cauſes the Ebullition of new Wine, | F ; 
whence proceed Whey, Curds? &c. 4 

Ariſt. 1. The Fermentation of Dough pro- 
ceeds from the Acids of the Leaven violently | 
hurried into the Alkali, or into the Pores of 
the Dough, by ſome ſmall Torrents of ſubtile | 
Matter. Accordingly, whenever the Particles 
of the Dough arc divided, the Fermentation | 
ceaſeth. % 

2. The Materia Subtilis hurrying the fine | 4 
Particles of the new Wine into the Pores of A 


Fe 9 
1 


2 — — * „ = 1 22 * * — 
88 I < — pA Lf 
D > * 3 
* * 
> a — -=- wi 5 


Tartar is gle mare 9 

3. As for Milk, when it ferments it is ab oſt 
ſolved. In this Diſſolution, the more deli- 
cate and leſs weighty Parts are ſeparated from 
thoſe that are more groſs, and mount up- 
wards ; and this is the Whey. The orb 
and more weighty Parts being ſeparated, and 
almoſt without any Motion, make up a kind 
of Coagulum, which takes its $ place under 
the 
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unks 
45 41 he Parts that are more ſubtile, and of leſs 
IT Wycight ; and this is curdled Milk. 
G Eudox. Can you yet reach my Meaning 
om zpon this Experiment? Dip the Bowl of a 
may || Wi carher-Glal into Oil of Vitriol. . . . The 
wal ; Liquor in the Thermometer will aſcend. 
ine, Ariſt. This is becauſe the inſenſible Par- 
1 P ticles of the Oil are in a violent Agita- 
pro- oer which is communicated to the Spirit of 
ntl . ine. | 
F 15 = E£Eudox. Throw into this Oil half an Ounce 
btile | 1 of Sal-armoniack reduced to Powder. . . There 
Sake | A will happen a violent Fermentation, and the 
tion | * « Liquor in the Thermometer will deſcend. 
Alriſt. That is, becauſe the inſenſible Par- 
fine 9 . © ticles of this Oil, happening to daſh againſt 
4 of 1 4 Voce of the Sal- armoniack, give them an 
and Agitation, and loſe of their own ; which 
des | cools them, and that the more, becauſe there 
. 4 happen Coagulations which ſtop or weaken 
the the Courſe of the Materia Subtilis. The 
Motion of theſe Particles is notwithſtanding 
dic the more ſenſible, becauſe they are much re- 
eli. flected by an infinite number of Parts that 
rom re ſolid and coagulated, and bear np a quan- 
vo. diy of ſmall Coagulums, through which they 
4 yl A paſs, being carried off by ſmall Torrents of 
an the Materia Subtilis, which yet find ſome 
kind“ free Paſſages. Thus the Water of a River 
AL appears calm, as long as no Obſtacle occurs. 
the But if it happen to encounter ſome Stake, 


it 
Mem. de Acad. an. 1700. p. 113. 
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it appears more agitated thereby and ſwells 
up, although it loſes of its Motion by the 
Encounter. 

Eudox. While the Liquor in the plunged 
Thermometer deſcends, the Liquor in another 
Thermometer, which you hold above the 
Mixture, aſcends a little. 

Ariſt. That is, becauſe an infinite number 
of volatile and fine Particles, which are diſ- 
joined from the more groſs Parts, and eva- 
porate, being driven by the Materia Subtilis, 
and the Dilatation of the internal Air, warm 
the external Air which encompaſleth the 
Thermometer, ſuſpended over the Mixture. 

Eudox. We might, Ariſtus, add to ſo many 
kinds of curious Fermentations, two cele- 
brated ones ; the one of Aurum Fulminans, 
and the other of Pulvis Fulminans. The 
Aurum Fulminans is a mixture of the Salt of 
Tartar, and Gold diſſolved by Aqua- regia. 
They put about the bigneſs of a Lentile there- 
of into a Braſs- Spoon, which is heated with 
the Flame of a Candle. This Mixture being 
heated, cauſes a ſudden noiſe, which imitates 
that of Thunder; and you would ſay, that 
the Effort of the Fulmination tends particu- 
larly downward ; it pierces the Spoon, and 
the Mixture is precipitated with the ſame Im- 
petuoſity as a Thunder: bolt. 

Arxriſt. The igneous Corpuſcles which in- 
ſinuate themſelves into the whole Mixture, 
and the Dilatation of the internal Air, whoſe 

Springs 
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7 Conv. II. Of Chymical Fermentations. 63 
= Springs play almoſt at the ſame time, ſhoot 
out on all ſides the ſtiff and ſolid Particles 
of Salt and Gold. Theſe Particles ſhot out 
with violence, having a great deal of Soli- 
dity, beat againſt the Air, and cauſe this 
trembling in it, which makes ſo great a noiſe ; 
and if the Effort of the Fulmination appear 
co tend particularly toward the Center of 
the Earth, it is becauſe the weight of the 
EX Gold, and the exceſs of the Reſiſtance made 
by the ſuperiour Air, being beat upon ſudden- 
ly and violently, give it this direction. 
Eudox. The Pulvis Fulminans is a Mixture 
of three Parts of Nitre, two of the Salt of 
= Tartar, and one of Sulphur. This Mixture 
when ſet upon the Fire in a Spoon, being 
W warmed to a certain degree, is diſſipated all 
on a ſudden, like the Aurum Fulminans, with 
a terrible Thundering, and ſometimes breaks 
the Spoon. 

Ariſt. The Action of the Corpuſcles of 
the Fire, which inſinuate themſelves into 
this Mixture, as into the former, carrics the 
Points of the Nitre into the Pores of the 
Salt of Tartar ; and the Dilatation of the in- 
ternal Air, whoſe Springs play almoſt at the 
ſame time, gives the Air this violent Agita- 
tion which makes the thundering noiſe. And 
it ſometimes the Spoon is broke to pieces, 
the reaſon is, becauſe not only the Effort of 
the Powder is made every way, but is more- 
over thruſt back towards the Spoon by the 

If reſiſtance 
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64 Of Chymical Fermentation. 4 
reſiſtance of the ſuperiour Air, which reſiſts iſ 
ſo much the more, by how much greater the 
Swiftneſs and Impetuoſity be, wherewith the 
diſſipated Mixture beats upon it. 
Eudox. If you pleaſe, Ariſtus, we will 
finiſh our Fermentations and Converſation, 
with ſome of the greateſt Miracles in Chy- 
miſtry. Let us mix a ſmall quantity of Gun- 
powder with ſome Oil of Cloves. . .. Pour 
gently upon this Mixture two or three times 
as much Aqua-fortis citrina or Spirit of Nitre 
and you may obſerve a bright Inflammation, 
a great Fire ariſing ſuddenly from the Mix- 
ture of two cold Liquors. The Mixture of 
theſe two cold Liquors alone will catch fire; 
the Powder is only added to augment the 
Inflammation. 
Ariſt. The Acids of the Aqua- fortis, or 
the Spirit of Nitre, act in the Alkali of the 
Oil of Cloves, as they act in the others, and 
as we have ſaid above. The Mixture of this 
Oil and Spirit contains ſulphureous and ni- 
trous Parts in a ſufficient number, and ſuffi- 
ciently ſolid, divided, and agitated upon their 
Center, and univerſally, for producing Light, 
for ſparkling in our Eyes, and for making 
a Flame. This Flame kindles the Powder ; 
and the Powder being kindled, augments the 
Inflammation, and our Surprize at this chy- 
mical Miracle. 
Eudox. By the ſame Principle almoſt, other 
Liquors afford us * nigh the ſame —_—— 
They 
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rney have taken two Pounds of Nitre or re- 
he 3 ned Salt-petre, well dried and reduced to 
che fineſt Powder, with a Pound of the Oil 
or common Vitriol: And from this Mixture 
they have drawn, by Diſtillation, a Spirit of 
Nitre ſmoaking and red, capable of infla- 
ming the Oil of Turpentine without any other 
Aid. Put into a Glaſs an Ounce of this 
F a noa Spirit of Nitre, with an Ounce of 
the Oil of Vitriol concentred ; pour upon it 
2 ö Won equal quantity of Oil of Turpentine. She» 
vou may ſee a yery fine Flame ariſe ſudden- 
* ly from this new Mixture of cold Liquors, 
with a great Exploſion and a Cloud of Smoak. 
re; Half an Ounce of this Oil of Vitriol con- 
the F centred, and an Ounce of the ſmoaky Spirit 
Jof Nitre, will kindle Turp ntine, ſuch as it 
3 runs from the Trees ; an the Flame will be 
Every durable. 
When the Liquors are freſh, the Effect is 
more ſure and aſtoniſhing; mix only a Dram 
| * Spirit of Nitre; a Dram of Spirit of Vi- 
. 1 triol, and three Drams of Oil of Turpentine 3 
1 the Mixture will catch fire immediately. 
If you deſire; Ariſtus, thar we ſhould make 
ing 4 much the ſame- Experiment, and with the 
ſame Doſes, with the white Balm of Metra; 
you may obſcrye a ſudden Flame ariſe from 
this Mixtute, with a noiſe like that of the 
Shot of a Gun well charged. 
Ariſt: 


l de Acad. an. 1726. p. 5.97968, Sc. M. Geofroy le Cadet. 
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Ariſt. It ſeems, Eudoxus, that the Odour 
is not always the ſweeter for its being ex- i 
haled out of theſe Mixtures, which contain 
in them ſpitituous Extracts of aromatick vn 
Plants. = 
Eudox. Let us ſacrifice for a moment the IF 
Pleaſure of our Smelling to that of our Eyes 
and Reaſon. Or rather let us mix in the 
ſame quantities, Balſam Capivi, 'Oil of Vi- 
friol, and Spirit of Nitre. . . . You ſhall im- 
mediately have a clear and pure Flame, and 6 


a moſt pleaſant Odour. If you deſire a Per. 


fame; the white Oil of Petre being mixed 
with acid Spirit, diffuſes an Odour of Amber- 
gris, ſo natural that you would take it for 
that of Amber and Musk. * 

Finally, the Fermentations will naturallß 
lead us to the Original of ſubterraneous Fires. | 
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ConveRsSATION III. 


. | Upon SUBTERRANEOUS Fires, EarTH- 
| QUAKES, and the Production of New 
IsLanDs. 


Imagination would be very 
much tranſported to ſee at 

a diſtance Mount Ecla in 
PETE, Mount Yeſuvius near Naples, Mount 
e Etna in Sicily, and ſo many Mountains in 
America, in the Iſle of Bourbon“, in the Iſle 
of Java, in Molucca, in the Philippines, in 
Japan, and in divers Countries of the Earth, 
vomit out Volumes of Fire. 
Ariſt. My Mind would be much more 
charmed to know the Origin of theſe Fires 
of theſe Volcano's ; whence their force pro- 
ceeds, and what are their principal Effects. 
Eudox. It need not take up any great time, 
I think, to ſatisfy your Curioſity upon that 
 O N- head. 


18 Recucil de Let. Edif. & Cur. p. 21. 
F 2 . 
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r. As to the Original of ſubterraneous Fires, 
it is probably the fall of one Stone upon an- 
other near fome Heap of combuſtible Matter, 
as of Sulphur, Nitre, Bitumen, Vitriol; or ll 
the reciprocal Action of the Patts of ſuch i 
kind of Bodies, or ſome Mixture of Sulphur | 
and Iron tempered in Water Xx. For it is cer- 
tain there are Cavities in the Earth, and it 
is no leſs ſure that there are in theſe Cavities 
Sulphur, Nitre, Bitumen, Vitriol, Particles 


of Iron, Water and Air. Now, ſuppoſe one 
| Stone 


* When Oil of Vitriol is drawn off from its weight of 
Nitre, and from both the Ingredients a compound Spirit of 
Nitre is diſtilled, and two Parts of this Spirit are poured on 
one part of Oil of Cloves or Caraway Seeds, or of any pon- 
derous Oil of vegetable or animal Subſtances, or Oil of Turpen- 8 
tine thickned with a little Balſam of Sulphur, and the Liquors 
grow ſo very hot in mixing, as preſently to ſend. up a burning 
Flame: Does not this very great and ſudden Heat argue, that 
the two Liquors mix with violence, and that their Parts in 
mixing run towards one another with an accelerated Motion, 
and claſh with the greateſt force? And is it not for the fame 
reaſon, that well re&ified Spirit of Wine poured on the fame 
compound Spirit flaſhes; and that the Pulvis Fulminant, com- 
poſed of Sulphur, Nitre, and Salt of Tartar, goes off with 2 
more ſudden and violeat Exploſion than Gunpowder, the acid 
Spirits of the Sulphur and Nitre ruſhing towards one another, 
and towards the Salt of Tartar, with ſo great a violence, as by 
the Shock to turn the whole at once into Vapour and Flame ? 
Where the Diſſolution is flow, it makes a flow Ebullition and 
a gentle Heat; and where it is quicker, it makes a greater 
Ebullition with more Heat; and where it is done at once, 
the Ebullition is contracted into a ſudden Blaſt, or violent Ex- 
ploſion, with a Heat equal to that of Fire and Flame. So when 
2 Drachm of the above-mentioned compound Spirit of Nitre, 
was poured upon half a Drachm of Oil of Caraway Sceds in 
vacuo ; the Mixture immediately made a flaſh like Gun- powder, 
and burſt the exhauſted Receiver, which was a Glaſs ſix Inches 


wide, and eight Inches deep. And even the groſs Body of 
| Sulphus 
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Stone fall from a Vault upon another, and 
a Spark be ſtruck upon an Heap of Sulphur, 
and Nitre, or Bitumen; the Sulphur takes 
fire, the Fire increaſes and is diffuſed, the 
ſulphureous Cruſts that ſtick to the internal 
Surface of the Cavities, are ſet on fire ſuc- 

ceſſiyely: Hence ariſe ſubterraneous Fires. 
For producing theſe Fires, there is nothing 
more neceſſary than merely the fall of a Cruſt 
ö F 3 com- 


Sulphur powdered, and with an equal weight of Iron Filings, 
— a little Water made into Paſte, acts upon the Iron, and in 
five or ſix Hours grows too hot to be touched, and emits a 
Flame. And by theſe Experiments compared wirh the great 
quantity of Sulphur with which the Earth abounds, and the 
warmth of the interiour Parts of the Earth, and hot Springs, 
and burning Mountains, and with Damps, mineral Coruſcations, 
Earthquakes, hot ſuffocating Exhalations, Hurricanes and Spouts; 
we may learn that ſulphurcous Steams abound in the Bowels 
of the Earth, and ferment with Minerals, and fometimes take 
fire with a ſudden Coruſcation and Exploſion ; and if pent up 
in ſubterrancous Caverns, burſt the Caverns with a great ſhak- 
ing of the Earth, as in ſpringing of a Mine. And then the 
Vapour generated by the Exploſion, expiring through the Pores 
of the Earth, feels hot and ſuftocates, and makes Tempeſts and 
Hurricanes, and ſometimes cauſes the Land to ſlide, or the dra 
to boil, and carries up the Water thereof in Drops, which by 
their weight fall down again in Spouts. Alſo ſome fulphureous 
Steams, at all rimes when the Earth is dry, aſcending into the 
Air, ferment there with nitrous Acids, and ſometimes taking 
fire, cauſe Lightning and Thunder, and fiery Meteors. For the 
Air abounds with acid Vapours fir to promote Fermentations, 
as appears by the ruſting of Iron and Copper in it, the kindling 
of Fire by blowing, the beating of the Heart by means of 
Reſpiration. Now the above-mentioned Motions are fo grear 
and violent, as to ſhew that in Fermentations, the Particles of 
Bodies which almoſt reſt, are put into new Motions by a very 
potent Principle, which a&s upon them only when they ap- 
proach one another, and cauſes them to meet and claſh with 
great violence, and grow hot with the Motion, and daſh one 
another into pieces, and vaniſh into, Air, and Vapour, and Flame. 
Newton's Opticks, | 6 &- 
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7d Of Subterraneous Fire. 


compoſed of Sulphur and Nitre, looſened by 
its weight from the ſubterraneous Vault. The 
Materia Subtilis, and the Air, that are ſhut 
up in this Cruſt, happening to be ſet at li- 
berty all at once by the Colliſion, and the 
Shock of the ſurrounding Parts, will agitate 
and dart them rapidly every way, and ſo there 
will happen an Inflammation in the boſom 
of the Earth. A Mixture of Sulphur and 
Iron ſteept in Water, will produce the ſame 
Effect; becauſe the Materia Subtilis and Air 
being encloſed, and being ſet at liberty by the 
breaking and ſeparating their ſmall Cellüles, 
will communicate to them the ſame Motion. 
Mix Flower of Sulphur with the Filings of 
Iron, and make thereof a kind of Paſte ; 
put to it ſome cold Water. The Mixture 
will grow hot by little and little* ; and ſome 
hours after will take fire. M. Lemery made 
a Paſte of equal quantities of pulveriſed Sul- 
phur, and the Filings of Iron ſteept in a little 
Water. He put about 5o Pounds of this 
Mixture into a Veſſel, which he hid in the 
Earth about a Foot deep. After eight or nine 
hours, the Earth which covered the Veſſel 
ſwelled, aroſe, and opened, and immediately 
were ſeen ſulphureous and hot Vapours ari- 
ſing, which were followed with Flames“. 
Accordingly one perceives the Scent of Sul- 
phur, and finds Iron amongſt the Aſhes, after 

the 


> Newton's Opticks, p. 325. 
© Hiſt. de VAcad. 1700. p. 51. 
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the burning of Mount Veſuvius and Mount 
Ain. 

2. As for the Cauſe of the prodigious 
force of ſubterraneous Fires; it proceeds at 
leaſt in part, like that of Gun- powder, from 
the Springs of the Air impriſon d in combuſ- 
tible Bodies; from the Springs of the Air 
which ſurrounds them, and is ſtrangely ra- 
reſied; and from the reſiſtance of the Earth, 
W which like that of a Gun, ſerves to make 
more Parts and Springs act at a time. 

3. Finally, as for the principal Effects of 

theſe Fires; they are Earthquakes, new Iſlands, 
and Hurricanes, which we ſhall ſpeak of here- 
=: aftcr. 
N When the inflamed Matter being prodi- 
giouſly rarefied in deep Caverns, and not 
finding any free Paſſage for itſelf, is able 
however to ſhake and bear up the Tract of 
Land which is above it, much after the ſame 
manner as when Gun powder kindled in the 
Mines throws up the Terraſſes, the Ramparts, 
and the Towers; the Earth ſhakes. Accord- 
ingly, Earthquakes are frequently attended 
with fires. Were there not ſcen in the Year 
1677, in the Canary Iſlands, Torrents of Stones 
and Fires iſſuing forth at the foot of a Moun- 
tain, from the boſom of the trembling Earth, 
in the midſt of Thunders, which reſounded 
on all ſides *? 


1 In 


* Extrait du Journal CAR: A des * 10 5. 
p. 229. 
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In theſe Earthquakes, if the unequal Shocks } 2 


make the Vaulrs of ſome huge Caverns ſhake, 
whole Cities will be found ſwallowed up at 
once. On the firſt of September 1726, there 
was heard in the Air at Palermo a terrible 
noiſe, which without either Cloud or Wind 
laſted almoſt a quarter of an Hour, occaſioned 
probably by the Effort which the ſubterranean 
Fires made, in order to find a Paſſage through 
the Waters of the Sea. Afterwards they ob- 
ſerved two Columns of Fire, forming an 


Angle, Theſe Columns were driven with 2 


ſuch violence towards the Sea, that they were 
plunged into it in an inftant, but without 
being at firſt extinguiſhed. The brightnefs 


of theſe Fires was obſerved in the bottom of WM 


the Water by the Crew of a Ship, nigh to 
which they fell. This Phænomenon was fol- 
lowed. with an Earthquake, which in the ſpace 
of five or fix minutes threw down a great 
number of Houſes, and buried under their 
Ruins more than 1500 Perſons ©. The Vice- 
Roy of Naples was acquainted with this 
News by the Governor of Palermo. An 
Earthquake on the ſecond of February 1703, 
ruined the whole City of Aquila, the Capi- 
tal of Abruſſo in Fahy, and deſtroyed 5000 
Perſons f. 

| Theſe miſchievous Earthquakes bring to 
mind that of the Year 1580, by which be- 


twixt 


© Gazette de France, 1726. de Naples, 17 Sept. 
{ Hiſt. de FAcad. an. 170k 9. | 
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WS twixt 25 and zo Veſſels were loſt between 


WDover and Calais*; That which in Peru 
WT overturned the Mountains and Towns, mak- 
ing the antient Lakes to diſappear at the ſame 
time it preſented others to view“; and that, 
which, during the Reign of Tiberius, laid 
waſte, according to Tacitus, twelve Cities in 
Afia . In the Year 1663, there was felt in 
Canada, for more than 400 Leagues of that 
Country, an Earthquake no leſs prodigious *? 
Mountains have been daſhed one againſt another, 
as thoſe Pliny f aks of, which in a violent 
Earthquake, nigh to Rome, daſhed one againſt 
another in the ſight of ſeveral Roman Knights). 


Other Mountains being looſened from the 


Earth, were thrown into the River St. Laurence. 
Some were loſt in the boſom of the Earth, 
that was made hollow under them. A ſpace 
of more than 100 Leagues of Rocks was laid 
level with the Ground, ſo that nothing was 
to be ſeen but a huge Plain. Since that 
time Rivers and Lakes are to be ſeen, where 
formerly there was nothing but inacceſſible 
Mountains. This terrible Sport of Nature 
being repeated by Intervals, laſted almoſt a 
whole Year, at once begetting in Mens Minds 
both Admiration and Horrour. 


ourn. des Scav. 1682, p. 15 
116 1682. p. 165. * 
i Tbid. p. 1 


* La Vie de ja Mere de Incarnation, Journ, des Scar. 1678, 
P- 194. | 
d hank des Sgav, 1682, p. 166. 
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If the Earth that ſhakes, and that lies above 
theſe Fires, be ſulphureous and bituminous, 
or vitriolous; it becomes hot, is dilated, ſwells, 
and being borne up by the violence of the 
Fires, it mounts up, ſometimes cutting thro 
more than 60 Fathoms of Water, even to il 
the Surface of the Sea; and the Sea beholds 
new Iſlands ſuddenly ariſe from the bottom 
of her Waters. Hence thoſe Iſlands which 
have been obſerved to ſpring up in our days, 
the one near the Iſland of Santorin in the 
Archipelago, the other in the Azores. 

Ariſt. 1 remember the firſt, and its Origin 1 
confirms your Sentiment. For according to 
the relation of Father Bourgnon, a Jcluite, 
Miſſionary to Santorin, and an Eye-witneſs 
of this Phænomenon *, after a Shock of the 
Earth there was ſeen from Santorin, upon 
the 23d of May 1707, as it were a floating 
Rock. Some were ſo raſh as to go down | 
upon it, even while it was growing under | 
their Feet. The Earth of it was light, and | 
had in it ſome ſmall quantity. of Potters Earth. | 
This new Production of Nature increaſed | 
daily. When it was half a Mile in Circum- | 
ference, and 20 or 25 Foot high, a great | If 
Ridge of 17 or 18 Rocks, dark and black, be 
was ſeen to ariſe from the bottom of the di 
Sea, and join themſelves to this new Iſland. ti 
Then there iſſued out of the new Iſland a V 
thick Smoke with frightful noiſes, You would 


have Cl 


= Hiſt. de PAcad. an. 1708, p. 23. 
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wa thought that” it was almoſt a continual 


Is, hundering, of the terrible Crack of 6 or 7 
Is, reat Guns let off all at once; the Waters 
1c r the Sca being filled with Sulphur and Vi- 
o riol, bubbled up. The Fire made vents for 
to ſelf, and in a fhort time this new Land pre- 
ds Mented nothing to view for whole Nights but 
m great number of Stoves, which caſt forth 
ch I lames and 4 prodigious Shower of Aſhes 
„ Wind (mall Stones ted-hot. Rocks were darted 
ic Hut from theſe burning Furnaces, mounted 


p like Catcaſſes and Bombs, and at laſt fell 
nato the Sea at above ſeven Miles diſtance. This 
o Piverſion continued in the new Ifland almoſt 
without intermiſſion, till the Month of No- 
venber in the ſame Year. | 
e Eudox. The new Iſland alſo ſituate among 
the Azores, owes its original to an Earth- 
quake cauſed by ſubterraneous Fires. 1, On 
the Night between the 7th and 8th of De- 
cember 1720, there- was felt a Shock of the 
Earth in Tercera, and in St. Michael, two 
Iſlands 28 Leagues diſtant the one from the 
other; and the new Iſland iſſued out from 
the midft of hot and boiling Waters. The 
Iſland was almoſt round, and high enough to 
be ſeen in fair Weather at 7 or 8 Leagues 
diſtance. But in a ſhort time it ſunk down 
till it became level with the Surface of the 
Water. | 
Ariſt. When the Fires, capable of produ- 
cing theſe Prodigies, open the Earth; it is 
alledged 
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alledged that this happens rather toward the il 
top of the Mountains, than any where elſe 
which Mount Ecla, Mount Veſuruis, and . 
Mount e_/#tna ſeem to prove. | f 

Eudox. That is, becauſe the Mountain; 
have commonly plenty of Cavities fit for te. 
cciving theſe Fires; and becauſe the Flame 
that conſtantly tends upwards, meets with lek 
reſiſtance toward the top, than in the ſi e 5 
the top being commonly thinner than the 
ſides. When once the Fires have made way if 
for themſelves in any one place, it is no? 
wonder that the Fires which ſucceſſively come 
after them, are thrown forth by the ſame 
Paſlages ; there they find feweſt Obſtacles. MF 

There are ſubterraneous Fires more calm, 
more uſeful, and leſs terrible, In a Province 


of China, as is affirmed by ſome , there are e 
Wells of Fire. The Inhabitants of the Coun- In 
try ſet Veſſels at the Mouth of theſe Wells, : ru 
wherein they boil whatever they have a mind 0 


without trouble or expence. This ſingular | 
Fire is thick, gives little light, and affords a | of 
good deal of Heat, though it does not kindle ll V 
Wood. Probably the Particles of this Fire, | 

by reaſon of their thickneſs, do not admit ſ 
Vibrations quick enough for darting out in *. 
a brisk manner, Rays of Light; neither do 0 
they penetrate the Pores of the Wood, altho * 
they are capable of making a ſtrong Impreſſion 1 
upon the Organ of | touching, | - 
By 

, | Voyages de Thorens.” 
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= By. this time we have ſpoke enough of 
WHcart, Fermentations, Flames, and Fires, 

Let us now, Ariſtus, turn our Diſcourſe 
. Waters. We ſhall not ſpeak of Water in 
general. Any one eaſily comprehends that 
== Water is a Liquid, whoſe Parts are flexible, 


me 

> rounder, more poliſhed, or leſs branchy than 
es thoſe of Oil, longer than thoſe of Spirit of 
he Wine, and more ſolid than thoſe of Air. 

ay | 1, Water is a Liquid; the Parts of Water 
10 are continually agitated with an univerſal Mo- 


tion, ſeeing it diſſolves Salts. 

2. The Parts of Water are flexible; it takes 
the ſhape of the ſtraiteſt Pores, and pene- 
trates them. 

3. The Parts of Water are rounder, more 
poliſhed, or leſs branchy than thoſe of Of. 
Indeed, Water is more fluid, and much ſooner 
runs off from Linnen-Cloth.” * + 

4. The Parts of Water are leſs poliſhed, 
more branchy, or longer than thoſe of Spirit 
of Wine. Hence Water freezes and hardens, 
while Spirit of Wine never freezes. 

5. Finally, the Parts of Water are more 
ſolid than thoſe of Air; for Water penetrates 
where Air cannot enter. According to the 
Obſervations of Dr. Halley, the weight of 
Water is to that of Air very nigh as 840 to 1 ; 
ſo that Water is more than eight hundred 
times heavier than Air*. Hence it is that a 

| Ball 


o Diſſert. of Dr. Halley, Philoſ. Tranſact. an. 1686. May. 
Cler. Phyſ. tom. 2. p. 195. 
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Ball full of Air is with great difficulty plunged 
into the Water. 5 
Water being much heavier than Ag, hal L 
much fewer Pores; accordingly it is com- 
preſſed with a great deal more difficulty ; yall 
at laſt it is compreſſed. . Fill an hollow Ball 
of Silver with Watcr. Cloſe it up exact 
with melted Silver. TheBall will grow leß 
in Bulk under the Strokes of the Hammer, 1 
You will ſee the Water iſſue throꝰ the Pores 
of the Silver, like a kind of Sweat. And i 
you pierce the Ball, the Warer will guſh on 
with impetuoſity. This Experiment has been 
made v. F 
Let us apply ourſelves. to that which re- 
ſpects the Sea, its Flux and Reflux, the Origin : 
of Fountains, and Mineral Waters. 1 


P Dans Acad. de Florence. -Clerici Pbyſ. tom. 2. p. 390. 
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Concerning the, 8 EA. 
Eudox. MIS ſufficiently known what 
r WS the Sea is. A Glance of the 
Eye upon a Map diſcovers 
11 2 the — Situation of 
the Sca. It is a great Collection of bitter 
and Salt Waters. The Saltneſs of theſe Wa- 
ters proceeds from the Salts: which the Wa- 
ters and Rivers bring along with: them but 
chiefly from the Mines of Salt which ate 
found in the bottom of the Sea, as well as 
in ſeveral other Places of the Earth #. The 

5 awo er aj 7. Bitternels 
Dr. Lifter imagines Sea- water do have been the only Ele- 


ment created at the beginning, before any Animal or Vegetable; 
ö vr even before the Sun insel Freſh Water he ſu ; 


| | ppoles to 
have aroſe accidetitally, after the Creation of theſe; and to'owe 


ns Origin to the Vapours of Plants, the Breath of Animals, 
ad the Exhalations raiſed from the Sea. De Font. Med. Angl. 
1 Dr. Halley is of another Opinion: He takes it for granted, 
a that the Saltneſs of the Sea ariſes from the ſaline Matters diſ- 
ſolved and imbibed by the Rivers in their Progreſs, and diſ- 
charged with the Waters into the Ocean; and conſequently, 
that the degree of Saltneſs is continually and gradually encrea- 
ſing. On this Hypotheſis he even propoſes a Method for de- 
i termining the Age of the World: for two Experiments of the 
degree of Saltneſs, made at a large Interval of time, will, by 
the Rule of Proportion, give the time wherein it has been ac- 
quiring its preſent degree. Phileſ. Tranſ. No 344. 
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Bitterneſs proceeds probably from the Bity: , 
men, at leaſt in ſome meaſure. Accordingly, 
a certain bituminous Subſtance is found float. 
ing in ſeveral Places of the Sea, according 4 
to the Obſervation of Count Marfilli *. And 
it is this Bitumen, which makes it ſo difficult 3 
to ſweeten Sea- water. 3 
Ariſt. You know, Eudoxus, what Method 
is uſed to ſweeten it. | 1 
Eudox. The Water of the Sea is ſweetned 
both by Filtration and Diſtillation. Pout 
Salt Water upon Earth and upon Sand. The . 
ſaline Particles, which are more groſs than 
theſe of the Water, ſtiffer, and leſs apt for. 
being accommodated to the Figure and Di- 
rection of the Interſtices of the Earth and e 
Sand, remain fixt, while the Particles of the 
Water paſs off ſeparated from their Salt. It was 
ſalt Water upon the upper Surface of the Earth 3 
and Sand; but it is freſh, when it iſſues out. 
Put Sea-water into a Cucurbite of a conſi- | 
derable height, covered with its own head, and 
ſet in the Sun after ſuch a manner, that the 
Sun may warm it without darting its Rays | 
upon the top. The Salt will remain in the | 
Cucurbite, and you will find in the Recei- 
ver very good and Wholeſome Water. This 
is an Experiment of Mr. Gautier“. | 
The Action of Fire put under or over Salt- | N 
water in a ſort of Alembick, makes it freſh | 
and potable, as the ſubtetrancous Heat, and 
the a 


a Mem. de Trev. 1727. p. 235. 
„ Medecin, de Nantes. Mem. de Trey, t7t7.-p.18tg. 
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W the Heat of the Sun do, by ſeparating the 
' BW Particles of the Water from the Particles of 
alt, which are detained and fix'd by their 
WM cxccls of weight; whilſt the Particles of Wa- 
ter being lighter, and filled or ſurrounded 
TJ with igneous Matter, and Materia ſubtilis, 
are thruſt upwards by the force of the Heat, 
or by the exceſs of Weight, which is in the 
I ſurrounding Air, until the Cold reunite them 
in ſenſible and freſh Drops. 1 
Mr. Gautier found out the Secret of tak- 
ing away the Saltneſs and Bitterneſs from 
alt and bitter Water, by putting a burning 
Coal upon the Water itſelf. And he was 
not afraid of obliging himſelf to furniſh a 
Ship with a quantity of Water neceſſary for 
a Crew of 400 Men, while at Sea.. The 
" Water which he diſtilled, after the Diſtilla- 
tion, had the Taſte of Rain-Water, or that 
of a Ciſtern, and was much freſher, and weigh- 
4e less than Spring-Water “. 
Ariſt. The Salt and the Water being ſe⸗ 


n 
n 


; parated, have nothing in them diſagreeable to 
g the Taſte, nor unwholeſome. Why then, 
. while they are united together in the Sea, 
; | do they cauſe ſo much Diſguſt, Vomiting and 
A Sickneſs ? 

* Eudox. When the Salt is ſeparated from 
4 the Water, the Particles of the Salt being 
rc united, compoſe certain groſs Molecule, 
- © Mem. de Trey. 1715. p. 1826. 


4 Ibid. p. 1835, 1836. | 
VOL. IL G which 
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which prick, but without penetrating far or if 
wounding. On the contrary, when they have 
been for a long time expoſed to the Action 
of the Sea-water, they are divided and di- 4 
miniſhed, that they penetrate too much into 
the Organs of Senſe, tear them, wound them, 
ſtop the Courſe of the Spirits, ſwell the Fibres, 
and ſhorten them. Thence proceed the Diſ- | 
guſts, the Contractions of the Membranes of i 
the Stomach, Vomitings, and Diſeaſes. The 
Bitumen contributes very much to this. 1 

Ariſt. But the Salt and the Water being 43 
re- united after their Separation, are not ſo 
pernicious as they were before. * 
Eudox. The reaſon of that is, becauſe the 

Salt is not ſo ſmall as it was before, and the 
Bitumen is diſſipated. 1 
Ariſt. They ſay, that the Salt is more acid 
on the Surface, than toward the bottom of 
the Sea. | 
Eudox. Probably it is ſo, becauſe the Par- 
ticles of the Salt which is upon the Surface, | 
or toward the Surface, and conſequently more 
light, are ſharper and more piercing. | 
But will you believe, Ariſtus, that ſeveral 
ſubterraneous Rivers empty themſelves into | 
the Sea? This is very common upon the | 
Coaſts of Provence, according to the Obſer- 
vation of Count Marſzt/z*. The Rivers which 
run 1mpetuouſly by fubterrancan Channels to 
the bottom of the Sea, ſometimes produce 
| therein 


* Hiſt. Phyſique de la Mer. Mem, de Trev. 1727. p. 352. 
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herein oppoſite Motions, which form Whirl- 
Pools and Gulfs. In the Gulf of Perſia they 
Neck for freſh Water in the bottom of the 
ea. There are two Men in a Bark, each of 
hem holding a Cord. Two other Men, 
aſtened each by one of the Cords, dive, hav- 
Ing upon their Girdles Veſſels well cork'd. 
Ihe Divers unſtop the Mouths of their Veſ- 
eis in the bottom of the Sea; they fill them 
Norith freſh Water, and are then drawn up 
gain“. The ſalt Water of the Sea would 
eſiſt the freſh Water which empties it ſelf 
here through ſubterrancous Paſſages, by its 
Fexccſs of weight; but thoſe Waters, which 
come from Places of a conſiderable height, pre- 
ail by reaſon of the exceſs of their Swiftneſs. 
I know not whether it be theſe freſh Wa- 
rers, that water and nouriſh the Olive-trees *, 
WL aurcls, Meadows, Gardens, Fruit-trees, and 
WF flowery Foreſts, which natural Hiſtorians 
place at the bottom of the red Sea. Pliny, 


I- 
e, who ſays“, that the Eaſtern Ocean is full of 
ec FE Foreſts, aſcribes their Growth to the ſalt Wa- 


ters of the Sea. | 

Ariſt. Gardens and Groves ſituated in the 
bottom of the Sea, can delight none but Di- 
c vers, ſca-faring Men, and Philoſophers. 

The curious Obſervers of Nature can ſee 
there at all times, without Inundation or De- 
luge, Fiſh upon the tops of Trees. 

G 2 Piſcium 

f Voyages de Gemelli, Mem. de Trev. 1721. p. 352. 


® Pliny l. 2. c. 103. I. 13. c. 25. 
d Totus Orientis Oceanus refertus eſt ſylvis, Pliny 1, 1 3. c. 25. 
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Piſcium & ſumma genus heſit ulmo. 


Eudox. The Gulf of Perſia, and the Sea 
which encompaſſes the Iſland of Ceilan, have 
in them ſomething more precious than the 


Flowers and Fruits of Gardens and Trees, 
cultivated by Nature in the bottom of the = 
= C0; 
in the Waters almoſt as well as upon the if 
Surface, ſcarch for a particular kind of Oiſters 
even to the bottom of the Sea, which recom - 
penſe their labour, and the hazard they run, 
with fine Pearls, which they ignorantly breed if 


Sea, namely Pearls. The Divers, who ſee 


for ſupporting the Luxury, and the Vanity 
of Men. 


But let us apply ourſelves to that which 5 
is moſt curious and ſurprizing in the Sea, 


namely its Flux and Reflux. 


i Horace l. 1. Od. 2. 
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CONVERSAT ION V. 


s Concerning the Flux and Reflux of 
J a In4 


= Imagine, Ariſtus, you have 
7 n been long enough in the 
> Ports of the Sea to know 
 whatits Flux and Reflux are, 
and the Circumſtances of a Phænomenon which 
has always been a cauſe of aſtoniſhment to 
Philoſophers, and might abaſe their Pride, if 
they were as capable of being humbled as 
they are reported to be. 

Ariſt. The Flux and Reflux of the Sea is 
an alternate Motion, which in the ſpace of 
four-and-twenty Hours and forty-nine Minutes, 
or thereabouts, carries forward and backward 
the Waters of the Ocean twice from the 
Equator, or Line, towards the Poles, and 
from the Poles toward the Equator or Line. 

The Flux is the Motion of the Waters to- 
ward the Poles, and the Reflux, is their re- 
turn toward the Equator. Commonly in the 
Flux, the Sea aſcends for about the ſpace of ſix 
[- Hours, advancing towards our Coaſts; and 

after it ceaſes to aſcend, it remains as it were 
G 3 in 
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in Suſpence, and in Equlibrium about twelve 
Minutes. The State wherein the Sea is, when 
it has arrived at its higheſt Point, is called 
High-water. In the Reflux the Sea deſcends 
for the ſpace of about ſix Hours, retiring from 
our Shores; and after it ceaſes to deſcend, it 
remains for about twelve minutes as in Suſ- 
pence and Equilibrium. The State wherein 
the Sea is, when it ceaſes to deſcend, is cal- 
led Low-water. The Sea aſcends more ſwift- 
ly than it deſcends. The more it has aſcend- 
ed, the more it deſcends. The Swiftneſs of 
the Sea aſcending, is gradually diminiſhed. 
The Swiftneſs of the Sea deſcending, is gra- 
dually increaſed *. The Elevation or Deſcent 
of the Sea is called the Tide. The Tides 
are ſometimes greater, ſometimes ſmaller ; 
and their Variations are conſiderably regular. 
Ordinarily in the northern Countries, the 
higheſt Tides of every Moon happen about a 
day or two after the new or full Moons b. 
The higheſt Tides of every Year, a day or 
two after the new or full Moons of the Equi- 
nox. Theſe kind of Tides are called the 
Tides of the new and full Moons, although 
they happen ſome Days after. In Summer 
the Tides of the new or full Moons are greater 
in the Evening, than in the Morning ; in 
Winter, they are greater in the Morning than 
in the Evening®. In the Summer Solſtices, 


thoſe 


Mem. de Acad. 1712. p.94. Hiſt. 1720. p. 2,3. 
„ Mem. de VAcad. 1714. p. 252. 1920, p. 161. 
© Ibid, 1720. p. 1359. 1714. p. 256. 
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» « | ; 
thoſe of the Evening are alſo greater than 


thoſe of the Morning. The contrary is ob- 
ſerved in Winter ; and all things elſe being 
equal, the Tides of the Winter Solſticcs are 
greater than thoſe of the Summer Solſtices *, 
From the new and full Moons, to the Qua- 
dratures or Quarters, the Tides of the Morn- 
ing are greater than thoſe of the Evening; 
from the Quadratures or Quarters to the new 
and full Moons, the Tides of the Morning 
are leſs than thoſe of the Evcning. The 
ſmalleſt happen about the Quadratures, a day 
or two after. Behold the Nature and Cir- 
cumſtances of a Phænomenon, as antient as 
the World in all probability, and always new 
to Naturaliſts ! But what is the Cauſe of it? 
It is ſaid, that Ariſtotle wearied with ſearch- 
ing, and aſham'd that he could not find the 
Cauſe of the Flux and Reflux of the Sea, of 
Euripus particularly, was ſo fooliſh, in ſpight 
of all his Philoſophy, as to throw himſelf 
headlong into Euripus, and endeavour to hide 
His ſhame in the bottom of the Sea. Cer- 
tainly it had been much more to the purpoſe 
to have cried out as an holy and great King 
did , The Motions of the Sea are wonder- 
ful] and thereby have preſerved in himſelf 
a denſe of humble Admiration. 


G4 Eudox. 


4 Mem. de Acad. 1720. p. 361. 

© Pliny 1.2. c. 117. 

f Detroit de la Mediterrance lequel ſepare I'Eubce de PAttique. 
s Plalm 92. 
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Eudox. Ariſtotle knew too well the worth 
of Light, to carry a philoſophical Pet ſo far, 
as is reported of him. The Hiſtory of his 
Life deſcribes him to us as dying in his Bed, 
and not in the bottom of the Seal. How- 
ever that be, Phny believed he ſaw the Cauſe 
of the Flux and Reflux of the Sea, both in 
the Moon and Sunk; and in all probability 
both theſe Luminaries have a great ſhare in 
it, eſpecially the Moon. It is not without 
reaſon, that M. Deſcartes and M. Caſſini a- 
ſcribe it to them, | 

It ſeems to me, that we ought to look 
upon the Moon as the principal Cauſe of this 
Phenomenon, if Obſervations exactly made 
and purſued for more than cight Years, evince 
a conſtant Reſemblance between the Motions 
of the Moon, and thoſe of the Sea ; betwixt 
the Diſtance, Declination, Phaſes and Retard- 
ments of the Moon, and the different Tides 
of every Day, every Month, and every Year : 
Chance never produced Relations of this kind. 
Now, Obſervations exactly made, and pur- 
ſued for more than eight Years, ſhew us evi- 
dently theſe Relations; for according to the 
Obſervations made by the care of the Royal 
Academy of Sciences, in the Harbours 'of 
Dunkirk and Havre de Grace, for more than 
2 Year, in 1701 and 1702'; in the Harbour 
of Breſt from the roth of June 1711, till 

1 Diogene Laerce |. 5, me 


1 Plin.1.2. c. 97. Cauſa de Sole Lunaque, 
Hiſt. de ! Acad. 1710. p. 4. ES 
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the zoth of September 1716 z and in the Eaſtern 
Ports from the 2 1ſt of May 1716, to the 3oth 
of June 1719"; 1. The nearer the Moon is 
to the Earth, the higher are the Tides; the 
farther diſtant the Moon, the lower *. 2. When 
the Diſtances of the Moon from the Earth are 
the ſame, it is obſerved, that the Tides in- 
creaſe or diminiſh according to the meaſure 
of the Moon's Declination, or her Diſtance 
from the Equator, whether ſmaller or greater“. 
The nearer the Moon is to the Equinoctial or 
the Line, the greater are the Tides; and the 
Tides diminiſh of their height in proportion 
to the Moon's removing from the Equinoc- 
tial ꝰ . 3. The return of the great and ſmall 
Tides follows the various Changes of the 
Moon“. The great Tides happen common- 
ly about a day or two after the new and full 
Moons; the ſmall Tides about a day as two 
after the Quadratures. If the Moon be at the 
ſame time both in her Perigce, or in the Point 
of her Circle neareſt to the Earth, and alfo 
in the Equinox, whether in Conjunction or 
in Oppoſition, the Tide which follows im- 
mediately, is the higheſt poſſible. If the Moon 
be at the ſame time both in her Apogee, or 
in the Point of her Circle fartheſt diſtant 
from the Earth, and alſo in the Solſtices, and 

toward 


* Mem, de PAcad. 1740. p. 355, 356. 

® Ibid. 1712. p. 93. 1714. p. 253. Plin. I. 2. c. 97. 
Mem. de “Acad. 1720. p. 360. . 
P Ibid. 1714. p. 254. 

1 Ibid, 1713. p. 714. | 
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toward her Quadratures or Quarters, the Tide 
is the ſmalleſt poſſible*. 4. The Tides are 
later one day than another about forty-nine 
Minutes, according to the return of the Moon 
to the ſame Meridian ; inſomuch that theTides 
of a particular Place, for example Breſt, de- 
pend upon the Paſſage of the Moon through 
a certain Meridian. From all which tis plain, 
we ought to look upon the Moon as the 
principal Cauſe of the Flux and Reflux of 
the Sca. | My 
The Sun is ſome way concerned in this 
Phznomenon ; for there are alſo Variations 
obſerved therein, according to the Sun's Di- 
ſtances from the Earth. Why are the Tides 
of the Winter Solſtices higher than thoſe of 
the Summer? All the difference is, becauſe 
in the Winter Solſtices, the Sun is in his Pe- 
rigee, and in the Summer Solſtices he is in 
his Apogee. The Diſtance then of the Sun 
has an Influence upon the Tides. Indeed 
the Sun muſt, as well as the Moon, make 
ſome Impreſſion upon the Globe of the Earth, 
in proportion to his Diſtance; but as he is 
incomparably farther diſtant, his Impreſſion 
upon the Waters of the Sea muſt be much 
ſmaller. Hence it is, that the Influence of 
the Sun has a great deal leſs ſhare in this mat- 
ter than that of the Moon. 
Ariſt. The relation betwixt the Motions of 
the Moon, and the Tides, 'is manifeſt from 
| modern 


r Mem. de PAcad. 1713. p. 19, 20. 
© Hiſt, de “Acad. 1720. p. 3. 
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modern Obteryations. Reconcile the Con- 
ſequences you draw from them with Philoſo- 
hy in a probable manner, and I yield. But 
ow does the Moon produce the Flux and 
Reflux of the Sea, according to the Laws of 


Nature ? 
Eudox. That is what I ſhall endeavour to 


ſhew you. 
The celeſtial Natter ihtough which the 
Moon paſſes betwixt the Tropicks, being finer 
than it, and fitter for Motion, has more Swift- 
neſs; and being retarded by the Rencounter 
of this Planet, it deſcends, at leaſt in part; 
it augments the Maſs of celeſtial Matter which 
paſſed betwixt the Moon and the Sea. The 
Maſs being augmented, accelerates its Mo- 
tion, and donbles its Swiftneſs, to the end 
that more Matter may paſs in equal ſpaces of 
time. The Motion being accelerated, makes 
greater dfforts upon the ſides of the Canal, 
and conſequently upon the Sea; preſſes down 
the Waters according to the Rules of Hydro- 
ſtaticks, or the Equilibrium of Liquors *. The 
Waters being preſſed down, bear up the lateral 
Waters of the ſame Meridian; the Waters 
that are borne up, raiſe the Waters next to 
them; and act with an univerſal Motion in 
proportion to their height f. The Waters 
preſſed upwards aſcend ſtill more and more 
to a certain diſtance, becauſe they find leſs 
ſpace, 


* 21 Converſ. Vol. 1. 
+ 20 Converſ. Vol. 1. 
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ſpace, and becauſe the Meridians centinually 
approach nigher to one another towards the 
Poles. The ſucceſſive Elevation of the Wa- 
ters is communicated ſucceſſively x. Hence 

it 


* We have already ſhewn the Abſurdity of introducing theſe 
Vortices to explain the ſeveral Motions of the Heavens: in order 
therefore to give the Reader a clear Idea of the Flux and Re- 
flux of the Sea, we ſhall lay before him a ſuccin&t Account of 
this Matter, as drawn up by that excellent Mathematician 
Dr. Halley, for the Uſe of the late King Fames. 

Having ſhewn, that the ſole Principle upon which Sir Iſaac 
Newton proceeds to explain moſt of the great and ſurprizing 
Appearances of Nature, is no other than that of Gravity; he 
goes on likewiſe to ſhew, that all the — Phænomena 
of the Flux and Reflux of the Sea do in like manner proceed 
from the ſame Principle. 2 

If the Earth were alone, that is to ſay, not affected by the 
Actions of the Sun and Moon, it is not to be doubted, but the 
Ocean, being equally preſſed by the force of Gravity towards 
the Center, would continue in a perfect Stagnation, always at 
the ſame height, without either ebbing and flowing; but it 
being demonſtrable, that the Sun and Moon have a like Princi- 
ple of Gravitation tow¾ards their Centers, and that che Earth is 
within the Activity of their Attractions, it will plainly follow, 
that the Equality of the Preſſure of Gravity rowards the Center 
will thereby be diſturbed. And though the ſmallneſs of theſe 
Forces, in reſpe& of the Gravitation towards the Earth's Cen- 
ter, renders them altogether 2 — by any Experiments 
we can deviſe, yet the Ocean being fluid, and yielding to the 
leaſt force, by its riſing ſhews where it is leſs preſt, where 
it is more preſt by its —_— | 

Now if we ſuppoſe, the Force of the Moon's Attraction to 
decreaſe, as the Square of the Diſtance from its Center encreaſes, 
(as in the Earth and other celeſtial Bodies) we ſhall find, that 
where the Moon is perpendicularly, either above or below the 
Horizon, either in the Zenith, or Nadir, there the Force of Gravi 
is moſt of all diminiſhed; and conſequently, that there the Ocean 
muſt neceſſarily ſwell by the coming in of the Water in thoſe 
Parts, where the Preſſure is greateſt, viz. in thoſe Places where 
the Moon is near the Horizon. | 

But that this may be the better underſtaod, it will not be 
amiſs to add the following Figure, where M is of the — 
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it is, that the Coaſts which are nearer the 
Tropicks, have the Tides ſooner ; for ex- 
ample, 


E the Earth, C its Center, and Z the Place where the Moon 
is in the Zenith, N where in the Nadir. 

Now by the Hypotheſis it is evident, that the Water in Z, 
being nearer, is more drawn by the Moon, than the Center of 
the Earth C, and that again more than the Water in N; whete- 
fore the Water in Z hath a Tendency towards the Moon, con- 
trary to that of Gravity, being equal to the exceſs of the Gra- 
vitation in Z, above that in C: And in the other caſe, the 
Water in N, tending leſs towards the Moon than the Center C, 
will be leſs preſſed, by as much as is the difference of the Gra- 
vitations towards the Moon in C and N. This rightly under- 
ſtood, it follows plainly, that the Sea, which otherwiſe would 
be Spherical, upon the Preſſure of the Moon, muſt form itſelf 
into a Spheroidal or Oval Figure, whoſe longeſt Diameter is 
where the Moon is vertical, and ſhorteſt where ſhe is in the 
Horizon; and that the Moon ſhifting her Poſition as ſhe turns 
round the Earth once a day, this Oval of Water ſhifts with her, 
occaſioning thereby the two Floods and Ebbs obſervable in each 
25 Hours. 

And this may ſuffice as to the general Cauſe of the Tides ; 
it remains now to ſhew how naturally this Motion accounts for 
all the Particulars that have been obſery'd about them; ſo that 
there can be no room left to doubt, but that this is the true 
Cauſe thereof. 

The Spring-Tides upon the new and full Moons, and Neap- 
tides upon the Quarters, are occaſioned by the attractive Force 
of the Sun in the new and full, conſpiring with the Attraction 
of the Moon, and producing a Tide by their united Forces: 
whereas in the Quarters, the Sun raiſes the Water where the 
Moon depreſſes it, and the contrary ; fo as the Tides are made 
only by the difference of their Attractions. That the force of 
the Sun is no greater in this Caſe, proceeds from the very ſmall 
Proportion the Semi-diameter of the Earth bears to the vaſt 
diſtance of the Sun. 

It is alſo obſerved, that ceteris paribus, the Æquinoctial Spring- 
Tides in March and September, or near them, are the higheſt, 
and the Neap-Tides the loweſt ; which proceeds from the greater 
Agitations of the Waters when the fluid Spheroid revolves about 
a great Circle of the Earth, than when it turns about in a 
lefler Circle; it being plain, that if the Moon were conſtituted 
in the Pole, and there ſtood, that the Spheroid would have a 


fixt 
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ample, the Tides happen ſooner at Breſt, 
than at SF. Malo, ſooner at Sr. Malo than 
at Havre de Grace, and ſooner at Havre de 
Grace than at Dunkirk. They. ſeldom reach 
beyond 65 degrees toward the Poles. At laſt 
the Flux ceaſes, when the Moon is removed 
too far from the Meridian to cauſe any Preſ- 
ſure upon the Waters; or when the Preſſure 
they have received is too much weakened, 
by having communicated itſelf, to overcome 
the Air, and the Obſtacle of the Weight. 
What happens in the upper Demi - meridian, 
happens alſo at the ſame time, by way of 
Counter - blow, in the lower Demi-meridian, 
The 


fixt Pofition, and that it would be always high Water under the Poles, 

and low Water every where under the Æquinoctial: and there- 

fore the nearer the Moon approaches the Poles, the leſs is the 

Agitation of the Ocean, which is of all the greateſt, when the 

Moon is in the Æquinoctial, or fartheſt diſtant from the Poles. 

Whence the Sun and Moon, being either conjoined or oppoſite 

in the Æquinoctial, produce the greateſt Spring-Tides; and the 

ſubſequent Neap-Tides, being produced by the Tropical Moon 

in the Quarters, are always the leaſt Tides : whereas in June 

and December, the Spring-Tides are made by the Tropical Sun 

and Moon, and therefore lefs vigorous; and the Neap-Tides by 

the Æquinoctial Moon, which therefore are the ſtronger. Hence 
it happens, that the difference between the Spring and Neap- 
Tides in theſe Months, is much lefs conſiderable than in March 
and September. And the reaſon why the very higheſt Spring- 
Tides are found to be rather before the vernal, and after the 
autumnal Aquinox, viz. in February and October, than preciſely 
upon them, 1s, becauſe the Sun is nearer the Earth in the Win- 
ter Months, and ſo comes to have a greater Effect in producing 
the Tides. 

Having hitherto conſidered ſuch Affections of the Tides as 
are univerſal, our Author paſſes on to particular Caſes, from the 
Conſideration of the differing Latitudes of Places. But as that 
would enlarge the Notes beyond our Deſign, we muſt refer the 
curious Reader to the Miſcellanea Curioſa, Vol, 1. p. 21. 
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The Earth being preſſed in any part whatever 
by the Moon, whoſe Paſſage over the Hori- 
zon produces there a Flux, muſt recoil and 
draw back toward the Part diametrically op- 
poſite, until it there encounter an equal 
Preſſure, which puts it into an Equilibrium, 
and which conſequently produces under the 
Horizon a Flux like to the other. 

When the Flux ceaſes by the Moon's re- 
tiring from the Meridian, where the Tide is 
at its higheſt Pitch, the Waters remain as it 
were in a State of Suſpence in the Northern 
Countries for the ſpace of 12, ſometimes 15, 
20, or 30 mintftes; becauſe ſome Remainder 
of the Impreſſion and Direction toward the 
Pole, fupports them againſt the Effort of the 
Weight. Whenever this Equilibrium, which 
follows the Flux, is at an end, the Reflux be- 
gins, and the Waters return toward the Tro- 
picks, being driven forward by their weight. 

The Reftux is a little ſlower than the Flux. 
The reaſon of this is, becauſe the weight of 
the Waters, which is the Cauſe of the Re- 
flux, is no way equal to the Preſſure which 
produceth the Flux. However, the higher the 
«Waters have aſcended in the Flux, the more. 
they deſcend in the Reflux ; the farther they go 
beyond the level, which they would have had, 
if there had been neither Flux nor Reflux, be- 
cauſe the Acceleration of an higher Fall makes 
them deſcend the lower. When they can 
deſcend no farther, they remain in a State 

of 
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| of Suſpence juſt as at the end of the Flux, 
4 and for the ſame reaſon, until the Action of 
1 the Moon preſs down the Waters, and re- 
| new the Flux. 

The Flux 1s renewed under the Horizon, 

bs, and by way of Counter-blow above the Ho- 
ii rizon, when the Moon is in the inferiour 
E: Demi-meridian. When the Moon removes 
5 from it, there happens a Reflux much like 
„ the former, and for the ſame reaſon. 
1 Thus, I think, you have the Nature of the 
4 | Flux and Reflux of the Sea from day to day, 
| reconciled with the Motions of the Moon, 
and the Laws of natural Philoſophy. Let us 
endeavour likewiſe to reconcile the Variations 
of the Tides with the Diſtances, the Declina- 
tions, and the Changes of the Moon, and 
with the Laws of Motion. 

There are ſome Variations regular, and 
others which arc not ſo. Let us firſt ſpeak of 
the former. The Tides vary according to the 
Diſtances of the Moon. Commonly the great 
Tides happen about a day or two after the 
new and full Moons *. In the time of the 
new and full Moons of Summer, the Evening 
| Tides are greater than the Morning in Northern 
l Countries ; it is contrary in Winter*. In the 
Winter Solſtices, the Tides of the new Moons 
are greater in the Evening than in the Morn- 
ing; it is the contrary in Summer, Finally, 

the 


# * Mem. de VAcad. 1920, p. 161. 
| * Ibid. p. 159. 
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the ſmalleſt Tides are wont to happen toward 
the Quadratures or Quarters, a day or two 
after. Now to reconcile theſe Variations 
with the Laws of Nature: 

I. The nearer the Moon is to the Earth, 
the higher are the Tides ; becauſe the nearer 
the Moon is to the Earth, the ſtronger is its 
Impreſſion. . By a contrary reaſon, the far- 
ther the Moon is removed from the Earth, 
the ſmaller are the Tides. 

2. As for the reaſon why the greateſt Tides 
happen commonly toward the new or full 
Moons; the Sun, which acts ſtrongly upon 
the Vortex (ac d) of the Earth (6), Fig. 5. 
compreſſes it. The Action which preſſeth it, 
reaches to the Earth. The Earth being puſh'd 
forward, and forced to recoil, preſſes the part 
diametrically oppoſite. to the Vortex. This 
Vortex is an Elliptick ; the ſmalleſt Diameter 
(e /) being prolonged, would paſs through 
the Center of the Sun (g). | 

This being granted ; if in the time of the 
new and full Moons, the Moon ) happen 
to be in the ſmall Diameter of the Vortex of 
the Earth, it muſt augment the Tides; ſeeing 
by its Extent and Slowneſs in regard of the 
celeſtial Matter, it muſt in ſome ſort ſtraiten 
the Paſſage of that Matter, already ſtraitened 
by the Preſſure of the Sun, and conſequently 
force that celeſtial Matter to paſs at the ſame 
time in a greater quantity thro' a ſtraiter Paſſage, 
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to accelerate its Motion, or double its Swift- 
neſs, and to ſink the Waters yet more. Now 
at the time of the new and full Moons, the 
Moon is in the ſmall Diameter of the Vor- 
tex of the Earth. For at the new Moons it 
is in conjunction (); that is to ſay, betwixt 
the Sun (g) and the Earth (5); at the full 
Moons, it is in oppoſition (i); that is, ſituated 
in ſuch manner, that the Earth (6) is betwixt 
it and the Sun; and the little Diameter of 
the Vortex paſſes through the Oppoſitions and 
Conjunctions. The Moon therefore muſt 
at that time augment the Tides. Wherefore, 
according to the Laws of Nature, the Moon 
ordinarily cauſeth the greateſt Tides toward 
the time of the new and full Moons. 

Hence, if the new or full Moon be at the 
ſame time both in its Perigee and in the Equi- 
nox, the Tide is the higheſt poſſible; becauſe 
whatever can regularly concur to augment 
the ſame, doth in that caſe contribute to- 
wards it; the nearneſs of the Moon to the 
Earth, the extraordinary ſtraitning of the Ca- 
nal, the Perpendicularity of the Sun which 
preſſes directly upon the largeſt and deepeſt 
Part of the Sea; and if the equinoctial Tide 
of the Autumn be higher than that of the 
Spring, the reaſon is, becauſe in Autumn 
the Sun is nearer the Earth. 

The great Tides of the new and full Moons 
do not happen however, till about a day or 
wo 


u Pplin. 1.2, c.97. 
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two after the Oppoſitions and Conjunctions. 
The Reaſon whereof is, becauſe the extraor- 
dinary Preſſure which was made on the Day 
of the new or full Moons, being followed 
with a ſucceſſive redoubling of ſtrong Preſ- 
ſures tho' ſmaller, the Effect cannot but be 
augmented thereby ; ſeeing the Efficacy of 
the firſt Preſſure has ſtill an influence upon the 
others: in like manner as after the Impulſe 
which cauſeth a great Vibration in a Pendu- 
lum, a ſucceſſive Repetition of ſtrong Impul- 
ſes, though ſmaller, ſtill augments the Vibra- 
tions, becauſe the Efficacy of the firſt Impulſe 
has ſtill an influence upon the following. 

Ariſt. But does it follow from this, "that in 
the new and full Moons of Summer, the Even- 
ing Tides muſt be ordinarily greater in regard 
of us, than thoſe of the Morning ? 

Eudox. The Tides muſt anſwer to the Im- 
pulſe that produceth them. Now, in the new 
and full Moons of Summer, the Impulſe 
which produceth the Evening Tides is ſtronger 
than that which produceth thoſe of the Morn- 
ing. All things elſe being equal, the Impulſe 
is ſo much the ſtronger, the leſs it is removed 
from its Principle, or the Point where it be- 
gun, ſceing it hath loſt ſo much the leſs of its 
Force; now the Impulſe, which at the time of 
the new and full Moons of Summer produceth 
the Evening Tides with regard to us, is leſs 
diſtant from its Principle than the Impulſe 


which produceth the Morning Tides. 
H 2 1. The 
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r. The Impulſe which cauſcth the Evening 
Tides 1s leſs removed from its Principle, at the 
new Moons. It is leſs removed from it, I ſay, 
if its Principle, or the Point where it begins, be 
in the Northern Hemiſphere above the Horizon 
toward the Tropick of Cancer; while the Im- 
pulſe which cauſeth the Morning Tides has its 
Principle in the Southern Hemiſphere, above the 
Horizon, toward the Tropick of Capricorn. Now 
the Principle of the firſt Impulſe is found in the 


Northern Hemiſphere above the Horizon to- 


ward the Tropick of Cancer; for it is in the 
Moon's Paſlage above the Horizon through the 
ſuperior Semi-meridian; and at that time the 
Moon as well as the Sun is directly over the 
North Sea, in the Northern Hemiſphere, to- 
ward the Tropick of Cancer, ſince being bc- 
twixt the Sun and us, it has as the Sun a Nor- 
thern Declination. The Principle of the other 
Impulſe, which produces the Morning Tides, 
is in the Southern Hemiſphere, above the Ho- 
rizon, toward the Tropick of Capricorn. For 
it is in the Point diametrically oppoſite to the 
Moon, ſituated inthe Northern Hemiſphere, un- 
der the Horizon, toward the Tropick of Cancer; 
ſeeing it is produced by the Preſſure of the Moon 
inthe Antipodes : The Impreſſion then, which 
cauſes the Evening Tides at the new Moons in 
Summer, is leſs removed from its Principle. 
2. The Impulſe, which cauſes the Evening 
Tides at the full Moons in Summer, is alſo 


leſs remote from its Principle, if the * 
| O 
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of this Impulſe be in the Northern Hemiſphere, 
above the Horizon, toward the Tropick of 
Cancer; while the Principle of the Impulſe 
which cauſes the Morning Tides is in the South- 
ern Hemiſphere, above the Horizon, toward the 
Tropick of Capricorn. But in the full Moons of 
Summer, the Principle of the Impulſe which 
cauſes the Evening Tides is in the Northern He- 
miſphere, above the Horizon, toward the Tro- 
pick of Cancer; while the Principle of the Im- 
pulſe which produces the Morning Tides is in 
the Southern Hemiſphere, above the Horizon, 
toward the Tropick of Capricorn. For the very 
Day of the full Moons in Summer, the Moon 
has a ſoutherly Declination, while the Sun has a 
northerly one; ſeeing the Earth then is betwixt 
the Moon and the Sun. For which cauſe it is, 
that the Moon, which is oppoſite to the Sun, 
is at Noon in the inferiour Semi-meridian, or 
under the Horizon, with a ſoutherly Declina- 
tion, or toward the Tropick of Capricorn. 
The Point then diametrically oppoſite to the 
Place where the Moon is at that time, is in the 
northern Hemiſphere, above the Horizon, to- 
ward the Tropick of Cancer. Now this Point 
is the Principle of the Impreſſion, which pro- 
duces the Evening Tides. The Night fol- 
lowing, the Moon. paſles through the upper 
Semi-meridian, with a ſoutherly Declination, 
or toward the Tropick of Capricorn; and the 
Point which then is under the Moon, is the 
Principle of the Impulſe which cauſeth the 

my Morn- 
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Morning Tides. Thercfore not only in the 
new Moons, but alſo in the full Moons of 
Summer, the Impulſe which produceth the 
Evening Tides is leſs diſtant from its Princi- 
ple than that which produceth the Morn— 
ing Tides. Therefore it is ſtronger. There- 
fore, according to the Rules of Natural Phi- 
loſophy, at the new and full Moons of Sum- 
mer, the Evening Tides ought to be ordina- 
rily, as they really arc, higher, than thoſe in 
the Morning. 

'Tis evident that the contrary muſt hap- 
pen at the new and full Moons of Winter, 
by reaſon of the contrary ſituation of the 
Moon, 

By the ſame Principles, at the new Moons 


of the Winter Solſtices the Evening Tides are 


ſmaller with reſpect to us than thoſe of the 
Morning. Indced in the new Moons of the 
Winter Solſtices, the Moon paſſes at Noon 
through the upper Semi-meridian toward Ca- 
ricorn, ſince it is betwixt us and the Sun 
which is then in Capricorn. Conſequently the 
Principle of the Evening Tides upon our 
Coaſts is in the ſouthern Hemiſphere, in the 
upper Meridian toward Capricorn. The Night 
following the Moon paſles through the infe- 
riour Semi-meridian under Capricorn, conſe- 
quently the Point diametrically oppoſite, 
which is the Principle of the Morning Tides, 
falls in the Tropick of Cancer. Now the 
Tides, whoſe Principle is more remote from 
us; 
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us, muſt be ſmaller than thoſe whoſe Principle 
is nearer. Therefore, in the new Moons of 
the Winter Solſtices, the Evening Tides ſhould 
be ſmaller than thoſe of the Morning. 

The contrary ſituation of the Moon pro- 
duceth a contrary effect in the Summer Sol- 
ſtices. 


Commonly the Tides of the Winter Sol- 


ſtices are greater than thoſe of the Sum- 
mer Solſtices, as we have ſaid already. The 
Reaſon is, becauſe in the Winter Sol- 
ſtices the Sun being in his Perigree, or neareſt 
the Earth, makes more Impreſſion upon the 
Waters. 

But finally, as for the Reaſon why the Tides 
diminiſh continually from the new and full 
Moons till toward the quarter Moons or Quar- 
ters, it is becauſe the Moon going then from 
the ſmall Diameter of the terreſtrial Vortex 
to the great one (/n, cauſeth a leſs ſenſible 
ſtraitning in the Canal of the celeſtial Matter, 


and becauſe the Matter which flows with more 


freedom through a great Space betwixt the 
Moon and the Sea, doth leſs compreſs the Wa- 
ters. However, the ſmalleſt Tides do not 
happen till a Day or two after the Quadratures 
commonly, becaule till then. there remains in 
the Waters ſome Impreſſion of the great Tides, 
or of the Conjunctions and Oppoſitions. 

It is obſerved, that the Delay of the Tides is 
greater from the Quadratures to the new or 
full Moons, than after the new or full Moons. 

H 4 T his 
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This happens becauſe the Force, which after 
the Quadratures bears up the Waters in a Space 
that is ſtraitned, makes them aſcend the more ; 
and as it lifts them up higher, ſo it lifts 
them up more ſlowly. And as for the reaſon 
why the Tides ſtill continue to increaſe from 
the ſmall Tides of the Quadratures to the 
Oppoſitions, or Conjunctions; the Moon 
going then from the greater Diameter of the 
terreſtrial Vortex, to the leſler, more ſenſibly 
ſtraitens the Canal of the celeſtial Matter; 
and this Matter which paſles from a larger 
Canal into a leſs, makes a greater Impreſſion 
upon the Sea. 

What we have ſaid may ſuffice for un- 
derſtanding the regular Variations. But 
there are Irregularities obſerved even in the 
regular Variations. Now what may be the 
Cauſe of theſe Irregularities? There are 
many particular Cauſes which contribute to 
this; the Wind, the Changes in the Diſpoſi- 
tion of the Bottom of the Sea, and the 
Situation of the Coaſts. If the direction 
of the Wind concur with the direction of 
the Motion of the Sea, the Tide will hap- 
pen ſooner, and ariſe to a greater height. A 
contrary Wind retards it. The Changes that 
fall out in the Bottom of the Sea make it ci- 
ther higher or lower. The Situation of Places 
gives more or leſs acceſs to the Waters; the 


| Irregularities of the Tides in one place 


haye an Influence on the Tides of another ; 
and 
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and theſe ſeveral Cauſes of the irregular Va- 
riations may be combin'd in a thouſand man- 
ncrs. 

With reſpe&t to the time of high Water, 
there are greater Irregularities obſerved in the 
Quarters than in the new and full Moons *. 
The greater the Force is which produces the 
Tides, the more caſily doth it ſurmount any + 
Obſtacles: Now the Force is greater in the 
new and full Moons, ſeeing the Tides then are 
ordinarily higher. : 

Ariſt. The Agreement betwixt the Motion 
of the Moon and of the Sea is wonderful, 
and you well reconcile it with Natural-Philoſo- 
phy. Nevertheleſs there remain ſome Diffi- 
culties. I underſtand ſufficiently why the 
Flux is not very perceptible in the Mediterra- 
nean ; the reaſon whereof is, that the Waters 
of the Ocean, which come from the South, 
cannot enter into it but obliquely, and through 
a narrow Paſlage which is not large enough to 
receive Waters capable of making any conſi- 
derable Tides: and if the Flux aſcends to any 
height in the Gulf of Venice, it is becauſe the 
Waters being reflected by the Coaſts of the 
Morea upon thoſe of 1taly, are kept up there 
by thoſe which ſuccced in the time of the 
Flux. 

The Mediterranean hath its Flux and Reflux 

in the Euripus. This alternate Motion is there 
various, ſometimes regular, ſometimes irre- 
5 : gular, 

* Mem, de VAcad, An. 1720. p. 158, 
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gular. The Currents of the Sea, the Waters 
which come by ſubterranean Channels to 
empty themſelves therein, the oppoſite Winds 
which blow from the neighbouring Mountains, 
and impriſon themſelves betwixt the Banks of 
a very narrow Channel, may produce theſe Va- 
riations. 

But ſometimes the Moon is a conſiderable 
time over the Land, over Africa for example; 
how can it then make the Waters to flow to- 
ward our Coaſts ? 

Eudox. Then is the time al the Reflux, 
and not of the Flux, in regard of them who 
are in the Semi-meridian wherein the Moon is. 
Accordingly the Flux doth not begin in regard 
of us, till after the Moon has paſt our Meri- 
dian, which cuts Africa. 

Ariſt. I do not ſee by your Anſwer why the 
Tides of the Quarters or Quadratures, are ſome- 
times equal to the Tides of the new or full 
Moons. 

Eudox. The height of the Tides anſwers to 
the diſtance of the Moon from the Earth. 
Now ſometimes the Moon is as near the 
Earth in the quarter Moons, as in the new and 
full Moons, it being then in its Perigee. 

Ariſt. Would the Proximity of the Moon 
produce theſe Tides which continue till in- 
crealing from Breſt to ot. Malo, where ſome- 
times in the new and full Moons they aſcend 
to 60 or 80 Foot high ? ? 


Y Hiſt, de VAcad. an, 190t. p. 20. 
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Eudox. The Situation of the Places con- 
tributes to that. 1. As the Channel is a great 
deal ſtraiter than the Atlantick Ocean, and is 
continually contracted more and more from 
Breſt to St. Malo; the Tide which comes from 
the Ocean is forced to ariſe higher and higher, 
and to take that in height which the Channel 
denies it in breadth. 2. The Town of St. Ma- 
lo is in a ſort of Angle and Corner. The 
Waters, which receive from the Coaſts of 
Bretagne a Direction toward the Coaſts of 
England, are driven back into this Angle. 
Theſe Waters reflected with impetuoſity in- 
to an Angle, as it were from a larger Bed in- 
to a narrower, not finding room there for 
extending themſelves in breadth, aſcend; - 
born up by their own Force which meets 
with Obſtacles to its Direction in the Banks, 
and ſupported by the Waters which follow 
them. Hence proceeds the extraordinary Ele- 
vation of the Waters at $f. Malo. The Tides 
are not ſo high on the Coaſts of Norman- 
dy, becauſe the Situation of the Coaſts of 
England and Normandy renders the Channel 
more free. 

Ariſt, Commonly theſe Tides do not hap- 
pen at Dunkirł till two days after the new or 
full Moons, although they have happen'd at 
Breſt the day after *, 


Eudox. 
* Mem, de! Acad, 1723. p. 17. 
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Eudox. The reaſon is, becauſe Breſt is much 


nearer the Point of the Ocean, where the Flux 


begins. 

Ariſt. It has been obſerved by Sounding, 
that the Sea riſes in the Channel of Calais at 
the time of the Reflux *. 

Eudox. The reaſon is, becauſe the Wa- 
ters which retire at the ſame time from 
the Coaſts of England and of France, hap- 
pening to be united together, ſupport and 
bear up one another in the midſt of the 
Streight. 

Ariſt. But, why does not the return of the 
Moon to the ſame Phaſe of Conjunction or 
Oppoſition, cauſe the return of the Tide at the 
ſame hour? 

Eudox. This is becauſe the return of the 
Tide to any particular Place depends not on the 
return of the Moon to the ſame Phaſe, but on 
the return of the Moon to a certain Meri- 
dian. | 
Ariſt. The Tides then ought at leaſt to come 
always to the ſame Place, when the Moon is 
in the true Meridian of that Placc. 

Eudox. Not at all, ſeeing the Situation of 
Coaſts and Lands may hinder this Effet. The 
Tides come always to the ſame Place, when 
the Moon is in a certain Meridian ; but this 
Meridian is not for all that the true Meridian of 
that Place. 

Ariſt. 


* Hiſt, de I Acad. 1912. p. 23. 
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Ariſt. Give us ſome Rules, Eudoxus, for 
knowing the days of the greater and ſmaller 
Tides; then we ſhall go, whenever you pleaſe, 
to the Origin of Fountains ; and I am tho- 
roughly ſatisfied. | 

Eudox. All things being equal, 1. The 
greater the apparent Diameter of the Moon 
be, the greater will the Tides be; becauſe the 
nearer will the Moon be to the Earth. 

2. The greater the Moon's Declination be, 
the ſmaller will the Tides be *; becauſe the 
Declination diminiſhes the Action of the 
Moon upon the Parts of the Sea which are 
largeſt and deepeſt, rendering it more oblique 
or leſs perpendicular. 

3. By the ſame reaſon, the greater the De- 
clination of the Sun be, the ſmaller will the 
'T 1628s D&S. at. 2 

4. The greater the apparent Diameter of the 
Sun be, the higher will the Tides be. The 
Action of the apparent Diameter of the Sun 
is very little. | 

5. Conſequently, when the apparent Dia- 
meters of the Moon and Sun are the ſmal- 
leſt poſſible, and the Sun and Moon have 
their greateſt Declinations in regard of the 
Equinoctial or the Line, the Tides will be 
the ſmalleſt, When on the contrary the 
Moon is in her Perigee, and the Sun and 
Moon have no Declination, the Sun being 


then 


o Mcm. de Acad. 1714. p. 258. 
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then in his ſmalleſt diſtance, the Tide will" 
be the greateſt poſſible 3 becauſe the force 

of the Preſſure will deſcend nearer and more 

perpendicularly upon the deepeſt and moſt 

extended Waters. By theſe Diſcoveries equally 

curious and profitable, one may prevent Ship- 

wreck, eſpecially toward the Coaſts. When 

Opportunity offers, we ſhall paſs naturally 

from the Sea to the Origin of Fountains. 


Con- 
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CoNVERSATION VI. 


Upon the Origin of FOUNTAINS. 


HA pleaſure is it to me, Eu- 
i 1 to meet with you up- 
on the Brow of this little 
' Hill > You were meditating 
there ee along this ſmall Rivulet, which 
deſcends with ſo much precipitation. Vou 
were doubtleſs philoſophizing upon the flow- 
ing of theſe Waters, and their ſweet mur- 
muring Noiſe. 

Eudox. The agreeable Murmur of this ſmall 
Rivulet ſeems to tell us that its Source is near, 
and to invite us thither to refreſh our ſelves. 
Let us advance, Ariſtus ; let us aſcend. We 
will repoſe our ſelves upon the Brink of the 
Fountain. nov pure its Waters! Let us 
ſit down upon this green Turf, — 

Ariſt. Here is the fineſt Horizon, the fineſt 
Proſpect in the World! I love to ſee the Seine 
run winding and turning at the foot of this 
little Hill. The Poets would fay, it removed 
from it with regret. By what Mechaniſm, 
Eudoxus, could a Fountain be placed ſo high, 

above 
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above the River and the Horizon? Whence 
could this Fountain proceed, and what is the 
Original of Fountains in general? 

Eudox. The Original of Fountains is not, 
I believe, as Ariſtotlè faid, Air condenſed in 
ſubterranean Caverns. The Air being cooled, 
is not changed into Water; no, not in cold 
Water it ſelf. Warm a little of the coldeſt 
Water; put it into an Air-pump, and pump 
the external Air. The internal Air is ſenſibly 
ſct at liberty, and makes the Water bubble up. 
Without warming, make itaſcendinto a ſort of 
Glaſs- pump, by lifting up the Sucker (A) Fig. 6. 
Then ſhut the lower end (B) of the Pump; 
Continue lifting up the Sucker. The Air 
will make it bubble up in your ſight, that it 
may get off, and by ſetting it ſelf at liberty, 
will let you ſee that the Cold doth not change 
it into Water. 

Ariſt. The Syſtem of M. Mariotte appears 
ingenious and natural. He refers in general 
the Original of Fountains to Rain and Snow. 
In this Hypotheſis, the Rain-water and melted 
Snow firſt penetrate the Fullers-cearth, and 
then the Sand, even to the Gravel or Potter's- 
earth; the Waters are filtrated, and run upon 
this Ground to whatever ſide they have a Byaſs. 
At laſt finding ſome Paſlage to the Surface of 
the Earth, they iſſue out; and the Vent, by 
which the Water ſprings up naturally from the 
Boſom of the Earth, is a Fountain. 
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Moſt Fountains ſpring up at the Foot of 
Mountains, becauſe commonly Mountains 
collect a larger quantity of Water, and give it 

a greater Byaſs toward one and the ſame place. 
If "Sources, like theſe here, be ſeen towards the 
Tops of Mountains, theſe Sources come from 
more elevated places, being conducted by 
Channels of chalky or clayiſh Earth, as it 
were by natural Canals. If Sources are ſome- 
times ſcen almoſt on the very Top of Moun- 
tains, theſe Sources come from Mountains 
that are yet higher. If there be a Valley be- 
twixt ſuch kind of Mountains, the Waters 
are conveyed from the higher one to the Top 
of the lower by ſome ſubterrancan Canals, as 
it were by crooked and communicating Pipes, 
which carry the Waters from their Reſervoir 
in the higher Mountain to the Vent or Paſſage 
in the lower, which allows them to iſſue out 
in form of a Source. 

Eudox. There may be by chance ſome 
ſandy and ſtony Places, which allow a ſuf- 
ficient quantity of Rain or Snow to pals 
through for producing ſome Sources. But the 
Hypotheſis you ſpeak of, is not generally true, 
if Rain or Snow-water be ſo far from pene- 
trating to the Gravel or Clay, that commonly 
it doth not penetrate ſixteen Inches into the 
Earth that lies between the Sand and the ma- 
nurable Land, neither is it of ſufficient quan- 
tity for the forming of Rivers. Now ac- 
cording to the Obſervations of M. de /a 

Vol. II. I Hire 


—— 
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Hire ©, theſe Waters do not commonly penc- 
trate ſo far as ſixteen Inches; and how then 
could they be ſufficient for ſupporting the Ri- 
vers? A part of them form thoſe Torrents 
which ſwell up the Rivers for a ſhort time, and 
a great part of them is evaporated. 

Indeed, two Foot and nine Inches of Rain- 
water being expoſed to the Air, is evaporated 
in the ſpace of a Year*; and there ſcarcely 
fall nineteen Inches of it one year with ano- 
ther. If ſometimes there falls a greater quan- 
tity, at other times there falls a much leſs *. 
That which falls is ſcarcely ſufficient for nou- 
riſhing the Plants. Two Leaves of a Fig-tree 
of an ordinary bigneſs draw from the Earth in 
five hours and an half, at leaſt in the day-time 
and during the heat, two Drams of Water. 
M. dela Hire put into a Glaſs Vial a Pound of 
' Water. He ſet the Ends of two middle-ſized 
Fig- leaves to ſoak in this Water. He ſtopt the 
Mouth of the Vial ſo well with Paper, that 
the Water could not evaporate without paſ- 


ling through the Subſtance of the Leaves. He 


ſet the Vial in the Sun, which was hot, in a 
Place where there was a little Wind ; and after 
five hours and a half, he found the Water had 
diminiſhed two Drams *. Judge then how 
much a Fig-tree will draw up in aday, and 


what a prodigious quantity of Water is diſſipa- 


ted 


© Hiſt. de PAcad. 1 i p- 16. 
4 Ibid. 1693. p. N mY 

© Ibid. 1693. p. 321. 
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ted in nouriſhing the Plants. That Hypotheſis 
therefore, which places the principal Cauſe of 
Fountains in Rain or Snow-Water, is not ge- 
nerally true. 

The Water of Rungis conſtantly affords 
fifty Inches of Water ; yet all the Ground 
that can poſſibly contribute to furniſh this Wa- 
ter, docs not receive fifty computed Inches ac- 
cording to their perpetual flowing. 

Laſtly, The three greateſt Rivers in the Iſle 
of Bourbon deſcend from the Top of a Moun- 
tain, and in their Courſe make a prodigious 
number of ſonorous Caſcades *. Can the 
Rains, which fall upon the Top of the Moun- 
tain, afford ſuch plenty of Water? 

Ariſt. What then is the true Origin of 


Fountains? * 
11 Eugox. 


© Lettres Edifiantes & curieuſes, 18 Recueil, p. 22. 

* The Origine of Springs, being a Subject of great Extent, 
and much controverted among the Learned, it will be impoſſi- 
ble to draw it into the Compaſs of theſe Notes; wherefore I 
muſt content myſelf with barely relating the ſeveral Hypotheſes 
that have been framed upon this Head, and refer the inquiſitive 
Reader, who defires to know any thing farther in this Matter, 
to Dale's Hiſlory of Harwich, p.332. 

The firſt Opinion is; That Springs are cauſed by the Percola- 
tion of the Sea- water. 

The ſecond; The Tran/mutation of Air within the Bowels of 
the Earth, or, as others expreſs it, the Condenſation of Vaponrs 
in the Caverns of the Earth into Water. 

The third; That Springs are cauſed by Rains and Dews, 

To which I may add a fourth, viz. That the Aqueous Vaporrs 
contained in the Medium of the Air, being condenſed by the cold 
on the Tops of high Mountains, and precipitated down their 
Ridges, become Sources not only of Rains, but alſo Springs or 
Fountains and Rivers. This is maintained by Dr. Halley, who has 
produced ſeveral Experiments to ſapport it, which may be ſeen 

in 
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Eudox. It is probable there are ſome which 
come immediately from the Seca. For near the- 
Sea, in the neighbourhood of Bourdeaux, 
and ncar the Shores of Africa and the Indies“, 
there are ſome which are fſaltiſh and ſubje& 
to flow and ebb. But how, you will ſay, 
can the Water of the Sca ariſe even to the Sur- 
face of the Earth? The Sea being agitated and 
raiſed by a Tempeſt, may in falling down again 
drive and bear up its Salt Waters by ſubterra- 
nean Canals into Reſervoirs formed above 
the Level of their Sources. 

2, The Rains and the melting of Snow arc 
the Principle of ſome Fountains. For the 
Fountains are not only more rare in the Coun- 
trics where there is little Rain or Snow, but 1 
we may obſerve Springs ariſe or encreaſe in the ] 
time of Rains and the melting of Snow, and 
dry up or diminiſh after the Rain and Snow- 
water are drained away. If in Summer the 


Sun melt great quantities of Snow upon great 
| Rocks 


in Miſcellanea Curioſa, Vol. 1. p. 1. one of which being very 
remarkable, we ſhall here tranſcribe : When this excellent Aſtro- 
nomer was at St. Helena, he perceived in the Night-time, on 
the Tops of the Hills, about 800 Yards above the Sea, ſuch a 
ſtrange Condenſation, or rather Precipitation of the Vapours, 
that it was a great Impediment to his Celeſtial Obſervations ; 
for in the clear Sky, the Dew would fall ſo faſt, as to cover, each 
quarter of an hour, his Glaſſes with little Drops, ſo that he was 
neceſſitated to wipe them ſo often, and his Paper on which he 
wrore his Obſervations would immediately be ſo wet with Dew, 
that it would not bear Ink: by which ir may be ſuppoſed how 
' faſt the Water gathers in mighty high Ridges. on 


Du Hamel. tom. 4. p. 450. 
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Rocks and conſiderable low Grounds, you 
may obſerve ſome Fountains to ſwell*. 

3. The greateſt part of Springs have their 
original in ſubterranean Vapours. The great- 
eſt part, I ſay, of Springs take their origin 
from Rain and Snow Waters, or from fub- | 
terranean Vapours. The greateſt part do not 
proceed from Rain and Snow Waters, as we 
have already obſerved. The Rains and the 
melting of Snow produce ſome Fountains in 
ſandy or ſtony Places; but this happens only 
in particular Caſes, from which no general 
Conſequence can be drawn. Therefore the 
greateſt part of Springs owe their beginning to 
ſubterraneous Vapours. 

It is certain there are every where under the 
Earth, or almoſt every where, Waters upon a 
level with the neighbouring Rivers, or with 
the Sea. We find Water, whenever we have 
digged to a certain depth. If there is, as ſome 
affirm for certain“, in the County of Srafford 
in England, a Cave which has been ſounded 
to the Depth of 2600 foot perpendicular w ith- 
out finding Water, that is a very rare Circum- 
ſtance. Experience alſo teaches us that there 
are ſubterraneous Heats, and ſubterrancous 
Caves, eſpecially in Mountains. There muſt 
therefore a great quantity of Water ariſe in Va- 
pours toward the Surface of the Earth, and of 
the Mountains, as may be obſerved in Winter 

I 3 upon 


i Mem. de PAcad. 1703. p. 61. 
* Journ. des Scav. 1680. p. 12. 15 Janv, 
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upon the Mouth of ſome deep Caves, or in 
the Vaults of an Obſervatory, where the Wa- 
ter, formed of the ſubterrancan Vapours, runs 
along the Arches, while in the mean time 
all is frozen without '. If Vapours that ariſe 
in ſeveral Places, by an infinite number of na- 
tural and capillary Pipes, happen to meet with 
cold Vaults, or Salts proper for fixing them ; 
they grow cold again by means of commu- 
nicating and loſing of their Motion, they 
are re- united, and condenſed into Water, as 
it happens in Alembicks, or when the Va- 
pours which flutter about in deep and very 
moiſt Cellars, happen to mect with ſome 
Linnen-cloth ſoaked in a little Water and Salt 
of Tartar. If the Water formed of the ſub- 
terraneous Vapours find any Declivities, and 
{ſmall Canals in theſe Declivities, it muſt run 
much like as in the Alembicks, be filtrated 
in the Earths, turn and wind upon the Clay 
or Sand, until it find ſome Chaſm, or Re- 
ſervoir, which borders upon ſome Chaſm in 
the Surface of the Earth, or in the Declivity 
of Mountains; and the flowing out of the 
Waters by ſuch kind of Chaſms is what we 
call a Fountain. 

4. Finally, the Rivers which proceed from 
certain Springs ſeem to furniſh alſo certain 
new ones. Some Wells are obſerved to in- 
creaſe or ſubſide proportionally as the Sem 
riſes or falls, Are there not ſome Rivers 

loſt 


+ Mem, de VAcad, an. 1703, p. 64. 
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loſt under the Earth, which come at laſt by 
ſubterraneous Canals to iſſue out and pro- 
duce Fountains even in the Seca? We know 
the Story of the famous Szc:/zan Diver; hay- 
ing been to ſeck a golden Cup in the Gulf 
of Charybdis, which the King of Sicily had 
ordered to be thrown in there on ſet pur- 
poſe, he affirmed poſitively that there were 
there great Springs which riſc up in that place 
from the bottom of the Sea. The King once 
more ordered a Purſe faſtened to a ſecond Cup 
to be thrown in ; the Diver went down again, 
but never returned ”. 

Ariſt. The Diſcovery of a Spring in this 
deep Gulf deſerved a happicr Fate. But J 
know not if you find the Propertics of Foun- 
tains in the Origin you aſcribe to them. There 
are Fountains to be ſeen which dry up in 
time of heat; ſome there are more or leſs 
freſh, ſome ſweet even in the bottom of the 
Sea; ſome are faltiſh even the midſt of the 
Land; ſome are petrifying “, ſome green co- 
loured, ſome hurtful to the Health, ſome 
poiſonous ; others there are, which without 
hurting the Health make the Tecth fall out; 
{ome are wholeſome, ſome oily, ſome cold 
within and hot above, ſome cold in the Day- 
time and warm in the N ight, ſome inflammable, 

{ome 


m Kircher. Monde ſonterrain. tom. 1. lib. 2. c. 5. p- 99. 


n Bibl. univ. & Hiſt, uin. 1688. 65. t. 
4 — J p. 465. t. 9. 
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ſome intermitting, ſome ſubject to a Flux and 
Reflux ?, even on the ſides of Mountains. 
Finally, there are ſome to be ſeen whoſe 
Motions have a conſtant relation to thoſe of 
the Moon. Burgundy has a ſalt Spring“. 
Near to Clermont in Auvergne there is one 
which changes ſeveral Bodies into Stone“. 
They tell us, that near Mount Carpathea, 
from which the Viſtula takes its Source, there 
is a Fountain which petrifies Wood, and at 
laſt is petrified itſelf f. There iſſues a River 
out of this Mountain, which in 24 hours 
changes a Horſe-ſhoc into Braſs ; which per- 
haps gives ſome appearance of Truth to what 
is reported of a Pond in Ireland, into which 
if one plunge a Staff, and draw it out again 
after ſome Months, the part plunged as far 
as the Mud or Clay will be Iron“, and that 
part which the Water only encompaſſeth will 
be Stone. Hungary hath a Fountain of green 
Water, which leaves Verdigreaſe in the hol- 
low Places of its Chanel. The Water, which 
we ſaid turns Iron into Braſs, kills thoſe Ani- 
mals that drink of it. It is affirmed , that 
at Senliſſes, a Town near to Chevreuſe, there 
is a publick Fountain, the Water whereof 
makes the Teeth fall out, without any De- 
fluxion or Pain. Vitruvius (ſpeaks of a Spring 
In 


P Hiſt, del Acad. 1688, p. 266. 
2 Ibid. | 

T Ibid. 1700. p. 572. 

r Bibl. Univ. & Hiſt. Juin. 1688. T. 9. p. 465. 
t Journ. des Scav. 7 Fev. 1684. 

u Mem, de I Acad. p. 23. 
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in Suze in Perſia, whoſe Water produces 
the ſame effect. People travel from all Parts 
to ſcek for Health in the mineral Waters of 


Aix, of Bourbon, &c. 


There is a Fountain in China, the Water 


whereof is cold above, and ſo hot at the 
bottom that one can ſcarcely hold one's hand 
in it“. It is ſaid, that in Cyrene there is 
one, which is cold in the day-time, and 
hot at night“. The German Ephemerides 


mention another Fountain, which, whenever 


Fire is put a Foot deep in Water, takes fire and 
throws out its burning Flames three foot high; 
which does not happen when it is remov- 
ed *. Doth not a part of the Town of Orenze 


in Gallicia enjoy, without intermiſſion, the 


Pleaſures of Spring, and the Fruits of Autumn, 
by. reaſon of the Springs of bubbling Waters, 
whoſe warm Vapours and Exhalations warm 
the Air; whilſt the other Part experiences 
the Rigour of the longeſt Winters, becauſe 
it is at the foot of a very cold Mountain, 
which deprives it of the Heat of the Sun? 
There is a Spring to be ſeen in the Moun- 
tain of Cebret in the ſame Kingdom, which 
though it be 20 Leagues diſtant from the Sea, 
hath its Flux and Reflux *. There ſprings up 
out of a Mountain of Pologne, in the Pala- 

tinate 


Voyag. de Thevenot. 

Y Bib. Univ. & Hiſt. Dec. 1686. t. 3. p.517. 

* Journ. de Allem. Journ. des Sgav.6. Mar. 1679. p. 72. 
7 3 & Hiſt, Jul. 169 1. p.53. t. 1. 
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tinate of Cracovia, a Fountain till more ſur- 
prizing. As ſoon as one brings a lighted 
Link near it, there is to be ſeen a light Flame 
ſpreading itſelf over the Water, as upon Spi- 
rit of Wine*. One day the Flame of the 
Fountain being lighted, was communicated 
by ſubterranean Paflages to the Roots of a 
ncighbouring Wood, and kindled a Firc which 
laſted ſeveral Years. Every thing is prodi- 
gious in this Spring. It reſtores new Vigour, 
and increaſes or diminiſhes according to the 
various Phaſes of the Moon. 

Eudox. The different Properties of Springs 
proceed from the Situation, and the Matter 
of the Places through which the ſubterranean 
Waters pals, before they get out by any Aper- 
ture. 

1. If the ſubterrancous Waters run near to 
the Surface of the Earth, they are muddy in 
the hot Seaſons by means of the Earth's being 
too dry. Hence we ſee that ſome Fountains 
dry up in Summer. 

2. The Waters are leſs liable to be dried up, 
and are more freſh and pure, when the Canals 
which bring them to the Surface of the Earth, 
are farther diſtant from the ſame ; becauſe 
then they are leſs agitated and leſs changed 
by the external Air and Heat of the Sun. 

3. The reaſon why moſt Springs have freſh 
Waters, altho' they come from the Sea, is 
becauſe they have left their Salt behind fil- 

trated 
* Hiſt, de Acad, 1699. p. 537. 
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"trated in the Earth, and only the fineſt and 
looſeſt Particles of Water ariſe in Vapours to- 
151 the Surface of the Earth. 

If any ſalt Springs are found at a good 
diſtance from the Sca, their Waters have paſled 
through ſome ſalt Mine, whence they have 
carricd off with them a great number of Par- 
ticles. 

5. If the Waters of Springs have been fil- 
ted in the Earth with Grains: of Sand, with 
ſmall Stones ſcarcely perceptible, ſuch as arc 
found in the petrifying Fountain of Clermont 
in Auvergne; theſe ſmall Stones, theſe lit- 
tle Grains of Sand being ſunk by the Agita- 
tion of the Waters into the Pores of certain 
Bodies which encounter with them, penetrate 
the ſame without being able to get out again. 


The Bodies thereby become more maſſy, more 


ſolid, and more hard. Hence are the petri- 
fying Fountains. Some Particles of different 
kinds, being hurried into the Water, will pe- 
netrate like ſmall Wedges, grapple with one 
another, fix themſelves in the Pores of Bodies, 


break off a quantity of their Particles, and 


get into their room; and this will be Iron 
or Braſs. If the Waters of the Fountains have 
paſſed through nitrous Places, or are charged 
with Spirits of Nikre, with long, round, and 
ſharp Corpuſcles, fit for ſeparating the Tecth, 
nay the very Roots of the Teeth ; they make 
the Teeth fall out. If the Waters have in the 
Earth, taken along with them a great many Cor- 

puſcles 


0 WE 
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puſcles capable of tearing the Fibres of the 


Body, of fixing, corrupting the Blood, or S1 
cauſing Obſtructions ; they are pernicious. ol 
On the contrary, if they paſs through Places la 
where they receive Corpulcles fit for render- Ol 
ing the Blood fluid; for diſſipating Obſtruc- tk 
tions, for facilitating the Circulation of the F 
Blood; they are wholeſome, as the Waters V 
of Forges, of St. Amand, of Aix, of Paſſy, tl 
of Bourbon, &c. which ſome time or other d 
we will ſpeak of. If they run through oily 5 
Places, they are oily. If they carry off with 6 
them Salts, Acids and Alkalies, fit for fermen- 
ting them together, they heat in the Fermen- 1 
tation. If they are cold above, and hot un- 0 
derneath, the reaſon is, becauſe the fine and t 
agitated Parts of the Surface are caſily diſſi- g 
pated in the Air; and thoſe of the bottom 
being ſtopt by the upper Parts, unite their ; 
Forces again, and by that means produce that | 


degree of Agitation which is the Cauſe of 
Heat. If they are cold in the day-time,. and 
hot at night, the reaſon is, becauſe the Heat 
of the Day renders the Vapours and Exhala- 
tions too fine, and diſſipates them too much 
to cauſe any ſenſible Agitation, and the Cold 
of the Night condenſes them, detains them, 
re-unites them, and by that means puts them 
into a Condition fit for moving the Organs 
of Senſe, with ſufficient Violence for produ- 
cing in them a Senſation of Heat. If in their 
Courſe they encounter with Places full of 

Sulphur 


— as * 
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Sulphur or Bitumen, they abound with Spirits 
of Sulphur or Bitumen. Theſe light and vo- 
latile Spirits ariſe, and hover over the Surface 
of the Fountain. If you bring a Torch nigh 
them, the Sulphur or Bitumen is kindled, the 
Flame ſpreads itſelf over the Surface of the 
Water, and the Fountain appears in fire. If 
theſe Waters, being carried to another place, 
do not catch fire, it is becauſe the ſulphureous 
Part is exhaled and diſſipated by the Agita- 
tion in the Carriage. 

6. Thoſe are called intermitting Fountains, 
which are ſeen to run by Fluſhes. As for the 
Cauſe of theſe Phænomena, if the Rays of 
the Sun, being interrupted by the Points of 
a Rock, ſhine by fits upon the Snow which 
furniſheth the Waters of ſome Springs, this 
Snow being melted at different times muſt 
produce an interrupted flowing of Waters, or 
intermitting Fountains. There is nothing far- 
ther neceſlary for producing ſuch kind of Phæ- 
nomena, than a natural and crooked Pipe in 
the form of a Syphon, the ſhorteſt Branch 
whereof is in a ſubterranean Reſervoir, and 
the longeſt without it. If the Water aſcend 
to the Curvature of the natural Syphon, it 
will deſcend by the longeſt Branch according 
to the common Property of Syphons *; and 
if more run out than there. comes in, every 
moment the Reſervoir will be empticd, till 
the ſmaller eee be no longer in the Wa- 

ter. 
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ter. Then the Flowing will ceaſe. The Re- 
ſervoir will fill again by little and little, till 
the Water reach the Curvature of the Syphon 
again. After which, it will renew its Flow- 
ing; and this is another kind of intermitting 
Fountain. 

7. If a particular time ſhould be required 
for filling or emptying a ſubterranean Reſer- 
voir, ſix Hours for inſtance to fill it, and fix 
Hours to empty it, the Fountain will flow ſix 
Hours, and ceaſe ſix Hours; and this alter- 
nate Flowing will be a kind of Flux and Re- 
flax. The Flux and Reflux, which is obſer- 
ved in certain Springs, may alſo proceed from 
the Communication they have with the Flux 
and Reflux of the Sea. If a Fountain com- 
municate with the Sea only in the time of 
the Flux, the Waters which are in the Canals 
parallel to the Surface of the Earth, and on 
a Level with the Sea, are compreſſed more 
and more by the ſucceſſive Increaſe of the 
Tide; being thus compreſſed more and more, 
they aſcend into the Reſervoirs, or preſs the 
Air contained in them. By that means the 
Water in the Reſervoirs receives an extraordi- 
nary Force for aſcending by the ſhorteſt Branch 
of the natural Syphons, or for running off in 
a greater quantity by other Paſſages ; and this 
is a kind of Flux. . When the Sea falls again, 
the Waters of the Canals, parallel to the Sur- 
face of the Earth, are leſs compreſs'd ; being 
tels compreſs d, they make a fainter Impreſſion 


on 
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"upon the Reſervoirs; the Water paſſes out 
with leſs force, the Flowing ccaſes or abates 
and this is a kind of Reflux. The Flux and 
Reflux of the Sea may cauſe a kind of Flux 
and Reflux even as high as the little Hills, 
becauſe the alternate Motion of the Sea may 
be felt there by the Compreſſion or Dilata- 
tion of the Air, which is found in the com- 
municating Pipes and Reſervoirs. 

8. Finally, upon what Account are ſome 
Fountains obſerved to increaſe or diminiſh ac- 
cording to the different Phaſes of the Moon ? 
That is, becauſe the Motions of theſe Foune 
tains follow thoſe of the Sea, and the Mo- 
tions of the Sea have a relation to the divers 
Phaſes of the Moon; as we have obſerved 
in the Flux and Reflux of the Sea *. 

Ariſt. The Hypotheſis is ingenious, Eu- 
doxus, tis a pity to deſtroy it. It is affirmed, 
that betwixt Breſt and Landerneau, in the 
Yard of an Inn upon the Road to Plongaſtel, 
there is a Well whoſe Water deſcends whilſt 
the Sca, which is very near to it, aſcends ; and 
on the contrary aſcends, while the Sea de- 
ſcends ®. 

Eudox. This caſe, look'd apon in the Coan- 
try as a Prodigy, is explained after a very 
eaſy manner, without deſtroying what we have 
ſaid, For according to the Obfervations of 
a skilful Mathematician, the bottom of the 
Well is always higher than 1 ater Mark. 


4 "TE: Where- 
* Conv. V. : : 
v Hiſt, de VAcad. 1717. p. 9. 
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Wherefore the Water of the Well may run 


off by ſubterrancous Canals, and deſcend, till 
the Sea ariſe after Low-water to the Level of 
the Well. Hence the Water of the Well 
ſinks, while the Sea ariſes. After the Sea has 
reached the Leyel of the Well, as long as it 
continues riſing, the Well riſes with it. When 
the Sea after High- water deſcends to the Level 
of the Well, the Sea-water which is filtrated 
through the Earth, and has therein loſt its 
Saltneſs, falls farther ſucceſſively into the 
Well, or at leaſt makes the Waters fall into 
it, which it puſhes forward. Hence the Well 
ſtill aſcends, while the Sea deſcends. When- 
ever the Water filtrated through the Earth 
ceaſes to augment the Water of the Well, it 
deſcends again until the Sea return to the 
Level of the Well after the Tide of Ebb. 
Thus the Water of the Well deſcends, while 
the Sea aſcends; and the Water of the Well 
aſcends, while the Sea deſcends. Theſe kind 
of Wells are common enough in Spain, at 
leaſt in Andaluſia *. 

Ariſt. Should we ſpeak, Eudoxus, of fo 
many different Sources, without ſpeaking con- 
cerning that of the Nile? | 

Eudox. The Origin of the Nile, ſo famous 
amongſt the Antients, and not known at 
leaſt in Europe till the laſt Age, is no more a 
Myſtery. In vain, Cyrus, Cambyſes, Alexander 

| 7 9 
* Plig, I. a. c. 47. 
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and Ceſar. paſſionately deſired to know it. 
Lucan brings in Ceſar ſaying that he pre- 
ferred the Hope of ſeeing it, to the” Pleaſure 
of making War upon his Country *, 


' Nihil eſt quod noſcere malim 
= Fluvii cauſas per ſæcula tanta latentes 
— caput. Spes fit mihi certa videndi 
iliacos fontes, bellum civile relinguam. 


Two Portugueſe Miſſionaries, of the So- 
ciety of Jeſus, namely, Father Peter Pays, 
and Father Jerome Lobo, met with the Ori- 
gin of the Nile in running after the Infidels. 
It is upon the ſide of a Mountain, betwixt 
the Tropics, in the Kingdom of Goyam, 
one of the fineſt in the Empire of the Abiſ- 
iſ mes. It conſiſts of two Springs. On 

21 April 1618, I was, ſays Father Pays +, 
« in the Kingdom of Goyam, nigh a Moun- 
“e tain, I aſcended it, and diſcovered two 
© round Fountains. They were cach of them 
« about four hands in diameter. They are 
about a Stone's Throw, the one from the 
ce Other. The Ground 3 about trembles z 
one cannot walk on it without making the 
« Water bubble up. The Water guſhes out 
© with impetuoſity from the foot of the Moun- 
« tain. Such is the Origin of the Nile, 
e which is in a ſhort time enlarged by ſeve- 
ral ſmall Brooks, and pales through a Lake 


te without mixing its Waters with thoſe of 


* Lucan, 1. 10. v. 190. 
+ Mund. ſubterr. Kirch. T. 1. I. 2. c. 10. p. 73. 


N K « the 


(c 


cc 


cc 


130 


Of the Origin 


e the Lake. After having made almoſt the 


cc 
cc 
cc 
cc 
cc 
(c 


c 


* 


whole Tour of the Kingdom of Goyam, 
it approaches ſo near to its Source, that it 
is but a Day's Journey diſtant from it. But 
in a ſhort time it removes from it, quits 
Abiſſinia, takes its courſe toward the North, 
falls at laſt into Egypt, and diſcharges it- 
ſelf into the Mediterranean. 

The Relation of Father Lobo is agrecable 


to that of Father Pays x. 


He ſaw the very ſame thing ſome Years 


after the other. 


cc 


cc 


cc 


<« will relate, ſays Father Lobo, what I 
ſaw with my own Eyes, and what I learn- 
ed upon the Place. In the Kingdom of 
Goyam, one of the fineſt the Emperor of 
Abiſſmia poſſeſſes, is the Source of the Nile 
upon the ſide of a Mountain. This Source, 
or rather theſe two Sources are two Holes 
of two Hands diameter, a Stone's Throw 
the one from the other. One of theſe 
Holes is only cleven Palms dcep ; at leaſt 
we could make our Plummet deſcend no 
lower. This Source is ſomewhat leſs than 
the other. We ſounded it alſo ; and tho 
our Sound was 20 Palms, we could not 
find the bottom. The Country People aſ- 
ſured us, that never any body had yet 
found it. Round about it the Earth is al- 
ways wet, and ſo very infirm, that the Wa- 
ter bubbles up, whenever one walks upon it. 
& The 
Relation Hiſt, de Abyſlinic, p. 105, &c. | 


90 
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« The Nile in coming from its Source lies 
© concealed, and as it were buried under the 
« Graſs: About a quarter of a League off it 
« appears. Being ſoon enlarged by ſeveral 
“ Brooks, it paſles a- croſs a Lake only at one 
« end, but with ſo great a Rapidity that the 
« Watersof the N ilea are diſcernable from thoſe 


« of the Lake for the ſpace of fix Leagues, : 


_ © reckon'd from its Entrance to its Exit. Five 
« Leagues from that, it falls from the height 
« of a Rock, and makes the fineſt Warer-fall 
C one can poſlibly* ſee. I have paſt under it 
* without being wet, and repoſing myſelf to 
« enjoy the freſh Air which ariſes from this 
« Water, I there admir'd the fine and lively 
* Colours of a thouſand Rainbows. After the 
« Nile has made an Iſland almoſt of the King- 
« domof Cham, it is found again within a 
« {mall Day! s Journey of its Source. But at 
« length it quits the Empire af the Abiſſines; 
« and I could follow its Courſe no farther.” 

This River deſcends from Ethiopia into 
Egypt, where by its regular Inundations it 
cauſes great Fertility. 

Ariſt. But is the Cauſe of theſe regular and 
fertile Inundations as well known as the Source 
of the River? 


Eudox. According to the Obſervations of 


the Portugueſe, Abiſſ nia, where the Nile has 
its Spring, is full of Mountains. Ir rains there 
regularly from the Month of June till Septem- 


ber. Dy which time the River receives 
2 Brooks, 
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Brooks, Torrents, and Waters that encreaſe 
in coming from the Mountains ; it ſwells con- 
ſiderably, overflows its Banks, wets the Earth, 
waters the Ficlds, and there depoſites certain 
Salts, and a fat Slime. Hence the Inundations, 
and the Fruitfulneſs of Egypt. When you 
deſire it, we will have a particular Conver- 
ſation upon mineral Waters. 

Ariſt. Let us go walk to-morrow to Paſſ 

Eudox. With all my heart; the Walk, the 
Time, the Company, all invite me. 


CON - 
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COoNVERSATION VII. 


Upon MINERAL War ERS“. 
Ariſt. HAT an agreeable Place to live 
in is Paſſy ! Is it not a plea- 
ſing neceſlity to be obliged to 
ſeek for Health in theſe Mi- 
neral Waters? I have read with plcaſure the 
Encomium given them in the Hiſtory of the 


* Mineral Waters may be divided into the three following 
Heads, viz. | 

1. Metalline or Diuretick, of which thoſe of greateſt note are 
Tunbridge in Kent, Aſtrop in Northamptonſhire, Knarsburgh and 
Scarburgh in Yorkſhire; and the German Spaw. : 

2. Saline or Cathartick, of which the moſt noted are Epſom 
in Surrey, Barnet in Middleſex, North-hall in Hertfordſhire, Stretham, 
Dulwich and Acton, &c. They all agree in this, that they abound 
with a Salt of an aluminous and nitrous Nature, which they 
take up, and waſh along with them in their Paſſages. This ap- 
pears plainly not only from the Taſte, but from their leaving 
it in conſiderable quantities behind them upon Evaporation, 

3. Sulphureous or Hot Baths, ſuch as Bath in Somerſetſhire, 
and Buxſton in Derbyſhire : that theſe greatly abound with a 
mineral Sulphur, is manifeſt from their turning Silver or Copper 
blackiſh, The Bath-Mud rubbed upon Silver, is what the 
Guides uſe to give it a Gold Colour. Dale's Pharmacologia, 


« 42. | 

If any Perſon of much Leiſure and great Penetration is deſi- 
rous of ſeeing a more ſubtle Enquiry into theſe Matters, we muſt 
refer him to a natural Hiſtory of mineral Waters wrote by the in- 
quiſitive Mr. Benjamin Allen, who may juſtly be ſaid, magno 
Labore magnas nugas eg iſſe. 
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Academy of Sciences ', and what relates to 
the Mineral Waters of divers other Places. 

Eudox. Well, Ariſtus, what is it you call 
Mineral Waters? 

Ariſt. I call thoſe Springs mineral Waters, 
whoſe Waters have a ſpecifick Virtue for 
Health; Springs which are pretty frequent, 
ſince in Germany alone there are reckop'd 
to be about a thouſand *. | 

Eudox. Which are the principal mineral 
Waters of France? + 

Ariſt. The Waters of Pa, near Paris, the 
Waters of Forges in Normandy, the Waters 
of St, Amand near Tournay, the Waters of 
Pougues in Nivernois, the Waters of Bourbonne 
in Champaign, the Waters of Vichy 38 
the Waters of Balaruc in Languedoc, the Wa- 
ters of Aix: la- Chapelle, and the Waters of 
Bourbon, &c. 

Eudox. The Waters of Balaruc, Bourbon, 
Bourbonne, and Aix, have ſomething ſingular 
in them. f 

Ariſt. Indeed theſe Waters are hot. The 
Waters of Balaruc inceſſantly throw out a 
great Smoke. When one bathes in them or 
drinks them, at firſt they appear almoſt as hot 
as common Water ready to boil ; but in a ſhort 
time the Heat of them becomes very ſup- 

ortable, and they are ſwallowed down with- 
out trouble. The Heat of theſe Waters is 

| not 


# Hiſt. de Acad. 1700. p. 62. 
> Du Hamel, t. 4. p. 454. Geographie de Varenne, c. 7. f. 6. 
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not at all burning; the Leaves of Sorrel pre- 
ſerve their Freſhneſs therein a long time; nei- 
ther is a new- laid Egg changed in them du- 
ring the ſpace of three quarters of an hour, 
1fore than if it were in cold Water *. The 
Waters of Bourbon are ſo hot to the Touch, 
that one cannot hold one's Hand in them any 
long time. One can hardly hold one's Finger 
in thoſe of Bourbonne a few Seconds. Never- 
theleſs both theſe of Bourbonne, and thoſe of 
Bourbon may be drunk without burning one's 
ſelf © As for the Waters of Aix, they ſpring 
up out of the Earth boiling ;*and the late M. du 
Hamel, Secretary to the Academy of Sciences, 
harden'd Eggs therein in a ſhort time *. 
Eudox. But, Ariſtus, whence proceeds the 
Heat of theſe Waters? Can it be from ſubter- 
raneous Fires? 
Ariſt. Subterraneous Fires are tranſient; for 
every terreſtrial Body being once kindled is 
diſſipated; and tranſient Fires do not cauſe a 
continual heat. But the Heat of mineral Wa- 
ters has ſubſiſted for ſeveral Ages. Whence 
then can this Heat proceed From ſome ſub- 
terraneous Fumes and Vapours, ſuch as are to 
be ſeen in deep Mines in Hungary, or from 
ſome mixture of Minerals, Iron, Sulphur 
and the like. | 


K 4 In 


* Hiſt. de PAcad. an. 1699. p. 538. 
© Ibid. 1700. p.572. 

4 Ibid. 1668. p. 23. 

e Ibid, p. 22. 
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In ſhort, 1. Set ſome cold common Water 
over the Fire, or ſome mineral Waters already 
hot; and you will ſee the one boil no ſooner 
than the other. For what reaſon, but becauſe 
probably the Heat which they bring from the 
boſom of the Earth conſiſts only in ſome 
light Vapours, which the Impreſſion of the 
Fire diſſipates immediately? 2. Common 
Water being heated to a certain degree, burns 
the Tongue ; whereas mineral Waters with 
the ſame degree of Heat do not, becauſe the 
Vapours which make up the Heat of the mine- 
ral Waters, bcing*finer than the Particles of 
common Water, have leſs power to ſeparate 
the Parts or Fibres of the Tongue. The mineral 
Waters, which are impregnated with ſulphu— 
reous Parts, may ſpread over the Tongue a 
Plaiſter of Sulphur, which makes it leſs ac- 


ceſſible to the Heat of theſe Waters. However 


that be, mineral Waters that do not burn the 
Tongue at all, yet fail not to burn the Hand. 
The reaſon is, becauſe the Plaiſter of Sulphur 
does not fo caſily ſtick to the Hand; or that 
by reaſon of the different Texture of the Pares, 


the hot Vapours inſinuate themſelves into thoſe 


of the Hand with greater violence. 3. Mine- 
ral Waters are, at leaſt in ſome places, hotter 
in the Night than in the Day, as may be ob- 
ſerved in thoſe of YVic-le-Compte * ; becauſe 
the hot and ſubtile Vapours which endeavour 


to 
* Hiſt, de I'Acad. 1668. p. 26. 
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10 fly off, are more effectually ſtopt by the 

Cold of the Night. 

But what is it that produces theſe kind of 
hot Fumes, which heat the mineral Waters: 

The Principles and Mixture of Minerals. It 
is known, for example, that Antimony being 
pounded with Sublimate, grows hot. Flower 

of Sulphur with Filings of Steel heats Water. 

From ſuch kind of Mixtures ariſe Vapours 
and hot Fumes. There arc ſome Waters which 
ſeem to be made hot by the Mixture of a kind 
of Chalk or white Lime. An Engliſh Au- 
thor * ſays, when ſpeaking of the Baths of the 
Town of Bath, in the County of Somerſet, 
that hard by thoſe Baths a kind of Chalk or 
white Lime is ſeen to riſe up out of the Earth, 
which when thrown into cold Water makes it 
boil, and heats it after ſuch a manner that an 
Egg may be boiled in it. Finally, to produce 
a Heat there needs nothing more than Iron, 
Sulphur and Water. Of ſuch a Mixture M. 
Lemery made a (mall Mount Mtna, which 
threw out Flames; and there is found both 
Iron and Sulphur in the Waters of Bourbonne. 
Eudox. The Waters of Bourbonne gild by 
their Sulphur, ſays a skilful Naturaliſt, and do 
not boil Sorrel nor change its Colour, becauſe 
their Sulphur makes thereon a kind of impe- 
netrable Plaiſter. For the ſame reaſon, they 
do. not burn the Throat ſo much as one may 
think 


5 Hiſt. des Singularites naturelles d'Angleterre. Journ, des 
Scav. 13 Juin. 1667. p. 115. 1 
8 Hiſt. de l Acad. 1700. p. 51. 
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think they ought to do; they boil more lowly 


than common Water heated to the ſame de- 
gree, becauſe in order to their boiling it is 
neceſſary that the Fire of the Wood make for 
itſelf Paſſages into them, on all ſides, and every 
way, and the Sulphur prevents that by render- 
ing them more viſcous ; they grow cold again 
more ſlowly than common Water when they 
have not boiled, becauſe this Viſcouſnels pre- 
ſerves their heat; they cool ſooner after they 


have boiled, becauſe perhaps the Sulphur be- 


ing evaporated, has left in them greater In- 
terſtices, into which the cold Air more eaſily * in- 
ſinuates itſelf. I foreſee, Ariſtus, to what you 
will aſcribe the Efficacy of mineral Waters. 
Ariſt. The Efhcacy of mineral Waters pro- 
cceds from divers Salts wherewith theſe Wa- 
ters are charged in the boſom of the Earth as 
they paſs through ſeveral Minerals. Accord- 
ingly Chymiſtry, ingeniouſly adapted to reſolve 
Bodies, in order to diſcover the moſt intimate 
Secrets of Nature, finds different Salts in dit- 
ferent mineral Waters. According to M. Le- 
mery, the Waters of Paſſy are impregnated 
with a ferruginous Matter, ſome Earth that 
contains an Acid, and a vitriolick Spirit very 
light, very volatile, and in a ſmall quantity; 
ſo that to take them to advantage, it is pro- 
per to drink them, 1. Upon the Place, and 
in a Seaſon that is not too hot; otherwiſe 


you 


* 


® Hiſt. de VAcad. 1724. p. 29. M. de Tontenelle. 
i Ibid. 1701. p. 63. 
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you take them when theit vitriolick Spirit is 
diſſipated. 2. At a time that is neither too 
cold nor too rainy; otherwiſe the Action of 
the vitriolick Spirit is hinder'd by the Cold, or 
deadned by too great a quantity of Water. 
The Waters of Forges contain the ſame Prin- 
ciples with theſe of Pa) 

In the Waters of Pougues you may diſco- 
ver, by chymical Trials, ſome Marks of a 
Bitumen and Vitriol. M. Duclos found in 
the Waters of Vichy a ſulphureous Salt '. The 
Waters of $7. Amand have their Salt x. Thoſe 
of Balaruc are ſalt to the Taſte ; and when 
any one bathes in them, they render the Skin 
ſoft and a little oily *, which ſeems to be the 
effect of ſome ſoft and fine Sulphur. Near 
the Waters of Aix, there is a great deal of 
Sulphur and Vitriol “; a ſick Perſon having 
drunk theſe Waters for three days together 
in the ſame Cup, the People were ſurprized 
to ſee it gilded over within : this Gilding in 
all appearance proceeded from the Sulphur 
which they contained . Thoſe of Bourbon 
are alſo ſalt, and leave upon the Brim of the 
Veſſels a yellowiſh Colour, with a ſulphuxeous 
Scent*®. The Waters of Bourbonne gild the 
Inſide of a Silver Veſſel ; their Dregs have a 

ſul- 


* Hiſt. de PAcad. 1701. p. 66. 
| Ibid. 1668. p. 27. 

n Ibid. 1699. p. 57. 

n Ibid. p. 5s. 

© Ibid. 1668. p. 23. 

P Ibid. 1700. p. 572. 

5 Ibid. 1724. p.48. 
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ſulphureous Scent, and Particles of Iron are 
to be found therein, which may be ſeparated 
from them by the Load- ſtone. 

The Mixture of Salts opens Obſtructions, 
and by facilitating the Circulation of the Blood 
cures Rheumatiſms, Palſies, and Conſump- 
tions, and brings together from all Parts to 
the Neighbourhood of the Waters of Paſſy, 
Forges, Bourbon, &c. People of the beſt 
Faſhion, and Companies which are often very 
agrecable, notwithſtanding the ſeveral Diſeaſes 
which occaſion their going thither. 

Eudox. In vain, Ariſtus, ſhould we reaſon 
any longer upon mineral Waters; I can in- 
form you of nothing new upon that head. 
We may ſee our Friends in this pleaſant Place; 
in theſe Waters is found the Health of a Body 
which nearly concerns us, and in the Know- 
ledge whereof we are very much intereſted. 

Ariſt. Indeed there is nothing more im- 
portant and reaſonable than to know one's 
ſelf. 

Eudox. Well then let us now examine the 
internal Structure of our Bodics, at leaſt as 
far as is neceſlary to do it in order to our 
underſtanding how it is nouriſhed, preſerved, 
moved, and contributes to the Felicity of Life 
by the Senſes, wherein it has ſome ſhare. 


GEN 
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ConveRsaTIoN VIII. 


Upon the Structure of the Human 
Body *. 


E need only look upon the 
external Figure of an Human 
Body, to perceive and ac- 

| = knowledge it to be the moſt 
agreeable and beautiful Figure in the World. 
But what is its internal Structure and Mecha- 
niſm ? It has, Ariſtus, a greater number of 
Charms for the Philoſopher than the Beauty of 
its Shape, and the Graces of the Face. We 
may diſcover in the Mechaniſm of the Body 
an Infinity of Chymical Veſſels, Filters, Alem- 
bics, Receivers; à prodigious Aſſemblage of 
Pipes, Hydraulick Machines, and Levers 
drawn by ſeveral kinds of Cords; an Aſſem- 
blage that Man himſelf is ſcarcely capable of 
admiring. The Vulgar are ſatisfied with the 
Surface of the Body, even the Skin it elf. 
Having 


This Converſation is but ſuperficial, and to add all the ne- 
ceſſary Notes, would {well this Volume too much; wherefore 
_ I muſt refer the Reader to Keil and other expreſs Writers upon 

this Subject. 
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Having viewed themſelves in a Glaſs, they are 
content, and without bluſhing that they are 
ignorant of themſelves, they leave it to the 
Philoſophers to carry their Enquiries farther, 
and diſcover in the ſecret Receſſes of the Ma- 
chine, the ſurprizing Strokes of that Wiſ- 
dom which made it. 
Ariſt. I am an Enquirer, Eudaxus, after 
thoſe Receſſes and thoſe Traces; and as if 1 
was entirely ignorant of them, pray tell me in 
as few Words as poſſible, the Name, Nature, 
Arrangement, and Uſe of the principal Parts, 
whereof my Body is compoſed. © 

Eudox. I will explain them to ade accor- 
.ding to the ſeveral Relations thereof given us 
by Anatomiſts. Be not ſtartled at the Terms 
of Anatomy. Notwithſtanding the greateſt 


0) 


part of them came from Greece and Rome, 
they are not, I aſſure you, the more agrecable. 


However by uſe they become familiar to us, 
and are the Terms of that Art, which teaches 
us to know ourſelves ſuch as we be. But let 
us go into my Study, and with one caſt of your 
Eye upon an Anatomy in Wax, wherein a 
thouſand little particularities are coloured in 


imitation of Nature, you will learn morethan 
.by an entire Diſcourſe. You there ſee Bones, 


Cartilages, Ligaments, Membranes, Fibres, 
Nerves, Veins, Arteries, Fleſh or Muſcles; the 


Heart in its Pericardium ; the Lungs with the 


Wind-pipe; the Diaphragm, and Stomach, 
with the Ocſophagus, the Inteſtines, Meſen- 
tery, 


o 
- 
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tery, Glands, and Lymphatick Veſſels; the 
Lacteal Veins; the Receptacle of the Chyle; 
the Thoracick Duct, Liver, Pancreas, and 
Spleen; the Ureters and Bladder ; the Abdo- 
men, Peritonæum; the Cawl, Brain, Cere- 
bellum, Marrow, Cc. the Organs of Senſe ; 
the Skin, Noſe, Tongue, Ears and Eyes. 
Ariſt. You had reaſon, Eudoxus, to warn 

me beforehand ; an Aſſemblage of the great- 
eſt part of theſe Terms, though not wholly 

unknown to me, might have ſtartled me. 
Eudax. The Knowledge of the things 
themſelves will put you in heart again. The 
Bones are the hardeſt and moſt ſolid parts of the 
Body ; the Cartilages are the hardeſt next the 
Bones; the Ligaments are a Subſtance ſolid, 
white, ſofter than the Cartilages, proper for 
knitting the different parts together, and harder 
than the Membranes; the Membranes are a 
ſort of Covering thin, long, large and fibrous ; 
the Fibres are oblong parts in the form of 
Thread, of very little thickneſs ; the Nerves, 
are Bodies long, round, white, compoſed of 
Fibres, or ſmall Threads, environed with 
two Membranes ; the Veins are membranous 
Canals fibrous and nervous, proper for carry- 
ing the Blood; the Artcries are long, round 
and hollow Veſlels, more ſolid, but generally - 
ſtreighter than the Veins; the Fleſh is a part 
ſoft and reddiſh ; the Muſcles, Fig. 7. conſiſt 
of Fibres, Nerves, Veins, Arteries, and Fleſh 
wove together; the Extremities of a Muſcle, 
I which 
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which are called its Head (a) and Tail (6), are 
the Tendons. The Belly or the middle of a 
Muſcle is fleſhy. * 

The Heart (a) Fig. 8. is a double Muſcle * *, 
harder than the other Muſcles, compoſed of 
fleſhy Fibres differently combined, . covered 
with Beds of wreathed Fibres, which from the 
exterior Surface of a pyramidal Figure, having 
its Point (6) and its Baſe (a), two Cavitics or 
Ventriclcs both right and left, ſeparated by a 
ſort of Partition, two Auricles (cd) at the 
Baſe, in the ſhape of a Cowl, eleven Valyes, 
which are ſo many kinds of Suckers, ſix in the 
right Ventricle, and five in the left. Two re- 
markable Veins, namely the Vena-cava, as 
well ſuperiour (e) as inferiour (Y, and the 
Pulmonary Vein (5), are inſerted into the 
Heart, that into the right Auricle (c, and this 


into the left (4). Two conſiderable Arteries. 


go from the Heart, namely the Horta (i) and 
the Pulmonary Artery (g), . that from the left 
Ventricle, and this from the right. The Pe- 
ricardium is a Membrane that encloſes the 
Hcart. 

The Wind- pipe (A) Fig. 9. is a large Canal 
compoſed of Semicircular Cartilages, of Li- 
gaments and two Membranes, the one exteri- 
our, andthe other interiour. It is ſubdivided 
into an infinite number of Branches, and Ca- 
pillary Fibres diffuſed into the whole Subſtance 
of the Lungs (). The upper part (4) or the 

be- 


* Mem. de VAcad, An. 1711. p. 151. 1. Winſlow. 
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beginning of the Wind- pipe is called the 
Larynx. The Glottis is the Aperture of the 
Larynx; the Epiglottis a Cartilage which 
ſerves as a Cover to the Glotits, 

The Lungs, Fig. 10. is nothing but a Col- 
letion of ſmall Bladders, interwoven with 
Branches, Veins and Arteries. It is divided 
by the Mediaſtimum, which is a double Mem- 
brane, into two large Parts or Lobes. Theſe 
two Lobes are again divided into others leſs, and 
ſo on, which are nothing but ſpungy Bodies, 
or parcels of Cells encloſed within a Mem- 
wag and which communicate with one ano- 
ther 

Ariſt. Take care, Kae, that you do 
not forget the Diaphragm; . 

Eudox. The Diaphragmis a muſculous and 
fleſhy part, round, covered. with two Mem- 
branes, fit for ſeparating the Cheſt from the 
lower Belly, and perforated in ſuch a manner 
as to let the Gullet paſs through, i it. 

The Qeſophagus or Gullet, is a Canal which 
deſcends from the Roo t of the Tongue, 
round, compoſed of = Membranes, of 
which the extcriour is a continuity of that 
which covers the Ventricle or Stomach. The 
ſecond is fleſhy, thick, ſaft, having circular and 
oblique Fibres; the third ſpread over with an 
infinite number of ſmall Glands, which are ſo 
many minute Veſſels full of Liquor. 
The Stomach (a) Fig. 11. nearly reſembles 
a Bag-pipc in ſhape, and is compoſed of three 
\'; OL. II. jo Mem- 
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Membranes, of which the external and ſe- 
cond are claſtick ; the third nervous, wrinkled, 
glandulous, or ſtrewed with Glands, which 
are ſmall Reſervoirs full of Juice. The Sto- 
mach has two Orifices, the firſt begins at the 
ending of the Gullet Of and the ſecond is 
called the Pilorus (d). 

The Inteſtines are long, round and hollow 
Bodies, continued from the Pilorus down to 
the Bottom (dy; ſome are ſlender, and called 
the Duodenum (e), the Jefunum ( J). and 
the Ileum (g); the others large, to wit, the 
Cæcum (h) the Colon (i), and the Rectum (1). 
The Duodenum is about twelve Fingers-breadth 
long, thicker and ſtraiter than the others. The 
Jejunum, which is a Paris Ell and half in 
length, is ſo called, becauſe it always appears 
leſs full than the reſt, it having ſuch a great 
number of ſmall Holes, which carry off the 

uice it receives. The Ileum is longer of it 
ſelf. than all the others put together, being at 
leaſt twenty foot long. The Cæcum begins 
immediately where the Ileum ends, and is 
made like a Bag. 

The Colon, which is cightor nine Foot long, 
is the largeſt of all. It is ſo called, becauſe in 
it we feel the Pains of the Cholick. Laſtly, 
the Rectum, which is a Foot long, and three 
Fingers wide, deſcends in a ſtrait Linc to the 
Bottom. 

The Meſentery, Fig. 12. is a double Mem- 


brane, nearly circular, and about four Fingers 
breadth 
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breadth in Diameter, and three Ells in Circum- 
ference, round which the Inteſtines are folded: 
It is ſtrewed with lacteal Veins (a), Glands (), 
and lymphatick Veſſels. The lacteal Veins are ſo 
many ſmall Pipes, which are hardly perceived, 
but when they are full of a white Liquor, 
which is called Chyle. There are two ſorts of 
lacteal Veins, the one primary, and the other 
ſecondary. The Glands are certain convolu- 
tions of the Veſlels themſelves. The lym- 
phatick Veſlels are ſmall Canals, much like 
the lacteal Veins, conſiſting of a very fine 
Coat. The Lymph which they contain, is a 
clear and tranſparent Liquor. The Recep- 
tacle of Pecquet (4), ſo called becauſe 
M. Pecquet firſt diſcovered it, is a Membrane 
diſpoſed in ſuch a manner, as to receive the 
Chile from the lacteal Veins, and ſituated be- 
tween the Roots of the Diaphragm. The 
Thoracick Duct is a Veſlel proper for receiving 
the Chile from the Receptacle, and.carrying it 
towards the Heart. 

The Liver is a Bowel formed of a Collection 
of ſmall glandulous Bodies, divers Ramifica- 
tions, Nerves, Veins, Arteries and . Biliary 
Ducts ; of a figure almoſt round, and ſome- 
thing reſembling the Foot of an Ox. It is 
divided into two Lobes, of which the one is 
round, and the other pointed. To the 
Liver is the Gall-Bladder attached. It is a 
kind of Pouch ſomewhat long, in the Shape 
of a ſmall Pear, 
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The Pancreas is compoſed of a great num- 
ber of Glands encloſed in the ſame Membrane, 
generally ten Fingers-breadth long, two broad, 
and one thick. | 

The Spleen is compoſed of a number of 
Membranes, which form ſmallCells of different 
Figures, joined together by Fibres and ſmall 
Veſſels which croſs them tranſverſly. The 
Kidneys are of a Subſtance much harder than 
the Liver and Spleen. They are two, in fi- 
gure much reſembling a Creſcent, and of a 
dark red. 

From the Kidneys proceed two Canals about 
the bigneſs of a Quill, which are called the 
Ureters. The Ureters enter the Bladder by 
two Apertures near its Neck. 

The Bladder is a membranous Part, which 
makes a conſiderable Cavity, proper for con- 
taining the Urine. 

Ariſt. You muſt not forget the Abdomen, 
Epiploon, and Peritonæum. Theſe Names 
ſeem contrived to hide ſomething myſterious. 

Eudox. Theſe Terms, I ſhould think, muſt 
appęar harſh to very delicate Ears. However 
that be, the Abdomen is the fore part of the 
Belly. The Peritonæum is a thin ſoft Mem- 
brane, which lines the lower Belly. The Epi- 
P!o0n, a fat Membrane which covers the In- 
teſtines. | 

Ariſt. The Brain, which is regarded as the 
Seat of the Soul, and the Place where our 
Knowledge is formed, well deſerves our no- 
tice. Eudox. 
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Eudox. It is compoſed of two Subſtances, 
the one called Cortical, becauſe it reſembles a 
Bark, which envelopes the reſt of the Brain; 
and the Cznereal, otherwiſe called the Corpus 
cinereum, becauſe it is greyiſh like Cinders ; 
the other Medullary, becauſe: it is ſoft like 
Marrow, and Callous, or the Corpus Calloſum, 
becauſe it is more ſolid however than the Ci 
nereal. Several Ventricles may be obſerved in 
the Brain, two in the fore part, which appear 
in the ſhape of a Creſcent (4d) Fig. 13. a third 

(f g). At the entry of a Canal, which leads to 
a fourth Ventricle, is placed the Pineal Gland, 
ſo called, becauſe it reſembles a Pine-Apple 
in figure. It is compoſed of a Subſtance hard, 
yellowiſh, and covered with a fine Membrane. 
In bigneſsit comes pretty near to a {mall Pea. 
The fourth Ventricle (e) is in the Cærebellum 
or little Brain, Fig. 14. The Cerebellum is a 
medullary Body joined to the Brain at the 
bottom, and ſeparated from it at the top; its 
Subſtance is firmer than that of the Brain, 
grey, with a white Subſtance running through 
It. 

Laſtly, The Marrow is nothing but a Pro- 
duction of the Brain and Cerebellum. It is di- 
vided into two parts, of which one is called 
the Medulla prolongata, and the other the 
Medulla ſpinalis; the firſt is contained, like 
the Cerebellum, within the Skull, - and the 
other in the Spine. # 
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The external Organs of the Senſes, de- 
ſerve each a particular Converſation. Let 
us reſerve them for another day. 

Ariſt. Upon condition that you will let 
us ſec to-day the arrangement and ſituation of 
thoſe parts you have already defined. 

Eudox. One caſt of your Eye upon this 
Skeleton, Fig.15. will diſcover to you the Situ- 
ation of the Bones : they are reckon'd to be 
2453 61 in the Head, 64 in the Trunk, 60 in 
the Arms and Hands, 60 in the Legs and Feet. 
The Head preſents you with the Skull, the 

aw-bones, 32 Tecth, and ſometimes lels. 

he Spine follows, which is compos'd of Ver- 
tebræ united to one another by Ligaments, and 
perforated with a large Hole. The Neck has 
5 Vertebræ, the Back 12, the Stomach 5, the 
Os Sacrum 5. The Coccix is the extreme part 
of the Spine. The Ribs are bony Parts made 
in ſhape of a Semi-circle or Creſcent, and ar- 
ticulated to the Vertebræ. From the Situa- 
tion of the Bones, and the Arrangement of 
the Parts attached to the Bones, reſults the 
human Body, which may be divided into three 
parts, namely the Head, Trunk, and Extremi- 
tics. | 

1. The Head is a ſort of bony Box, which 
contains the Dura-mater, Pia-mater, the 
Brain, Cerebellum, the Medulla oblongata, 
the Jaws, and the Organs of Senſe. The 
Dura mater, which is a double Membrane, 
immediately covers the whole inſide of the 


Skull, 
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Skull, and ſeparates the Brain into two parts, 
the right and the left. The Pia mater, which 
is a very fine and delicate Membrane, is ſituated 
under the Dura- mater, and immediately en- 
velopes the Brain. Under the Brain is found 
the Cerebellum, which is properly the infe- 
riour and poſterior part of the Brain. 

The Cerebellum is joined to the Brain be- 
low; a Duplicature of the Dura-mater ſepa- 
rates them above. From the Medulla ablongata 
and Spinalis ariſe all the Nerves, 10 Pair of 
Nerves proceed from the Medulla oblongata, 
and 30 from the Sinal. Theſe 30 go out by 
60 Holes, and ſpread themſelves to divers 
parts of the Body. The Situation of the 
Eyes, Ears, &c. are well known. . 348 

2. The Trunk contains the Cheſt and the 
Belly. Theſe are two Cavities, the one ſupe- 
riour, and the other inferiour, ſeparated by the 
Diaphragm ; the Breaſt, which is the upper, 
reaches from the Clavicles down to the Dia- 
phragm. It is partly bony, and partly fleſhy, 
lined inwardly with a Membranc, which is 
called the Pleura. The Cheſt encloſes a part 
of the Wind- pipe, Lungs, Heart, whoſe Fi- 
gure approaches that of a Cone, the great Ar- 
tery, the Vena- cava, and a part of the Oeſo- 
phagus. The Wind- pipe goes from the 
Mouth to the Lungs, ſituated upon the Oeſo- 
phagus, where it is divided into two Branches, 
which enter the Lungs. The Lungs environ 
the Heart on all ſides, the Baſe of the Heart. 
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js in the middle of the Cheſt, and its Point on 


the left ſide. Its Situation is oblique, the Baſe 
being more elevated than the Point. From 
the left Ventricle proceeds the great Artery, 
Fig. 16. or the Aorta, which is immediately 
divided into the Aorta aſcendent (a) and de- 
ſcendent (6). The firſt is ſubdivided into 
Arteries which are named the Subciawvian (c), 
becauſe they are ſituated below the Clavicles; 
then into the Axillary Arteries (4) which go 
to the Arms; into the Carotides (e), and Cer- | 
vicals (J), which go to the Head, c The 
ſecond, after having pierced the Diaphragm, 
ſend ſeveral Arteries into the Belly ; the 
Cæliac (g) which is divided into the right, 
which goes to the Liver, and into the left, 
which goes to the Spleen; the Meſenterict, 
of which the ſuperior and inferior go to the 
Meſentery and the Inteſtines; the Enn. 
. (i) which go to the Kidneys; the Lum- 


Bals (t) which go ta the Muſcles of the Loins; 


the upper Muſcular, which are loſt in the Fleſh. 
When the Aorta deſcendens is arrived at the 
Os Sacrum, it is divided into two large Arte- 
ries (u), which are named the [lacks ; the 


largeſt of the Iliac łs is carried into the Thighs, 


and is then called the crural Artery (x). 

Laſtly, The Arteries, at leaſt thegreateſt part 
of them, terminate in ſmall capillary Branches. 
The Arteries are accompanied with ' Veins. 
At the Places, or thereabouts, where the Ca- 


* pillary Arteries end, there axe Capillary Veins, 


which 
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which run into larger, and theſe into ſome 
ſill larger, which are the Vena cava aſcendent 
or inferiour (42) Fig. 17. and the Vena cava 
deſcendent or ſuperiour (c). The Vena cava 
aſcendent is that, where the inferiour Veins, 
with the Yena-porte, which goes from the 
Meſentery to the Liver, at laſt terminate. Ir 
runs to the right Auricle of the Heart (4%). 
The Yena-cava deſcendent is that, where the 
ſuperiour Veins, as the Jugulars () which go 
from the Head, the Axillars, which come from 
the Arms, the Subclavian (g) placed under the 
Clavicles, end. It runs, like the other, into 
the right Ventricle of the Heart. 

The Oeſophagus ſituated upon the Vertebra's 
of the Neck and Back, under the Wind-pipe 
and the Lungs, comes from the Root of the 
Tongue, and terminates at the left or ſuperi- 
our Orifice of the Stomach, after having 
pierced the Diaphragm. 

The Abdomen is that Cavity, which is ex- 
tended from the Diaphragm to the Os Pubis ; 
it encloſes the Stomach, Liver, Spleen, Pan- 
creas, the Inteſtines, Kidneys, Bladder, Parts 
of Generation, Meſentery, Cc. 

The Stomach is immediately under the Dz- 
aphragm, between the Liver on the right tide, 
and the Spleen on the left ; the Pancreas under 
the Stomach, the Inteſtines run in ſeveral 
Circumvolutions under the Epzploon from the 
right and inferiour Orifice of the Stomach to 
the bottom. The lower Oriftee of the Sto- 

mach 
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mach is ſo called, though ſomewhat impro- 
perly, becauſe the Aliments go off by it. The 
Kidneys arc ſituated in the Lumbal Regions, 
the one on the right Side under the Liver, the 
other on the left under the Spleen ; communi— 
cating by means of the Ureters with the Blad- 
der, which is between the Os dacrum and the 
Os Pubis. 

The Meſentery, to whoſe Circumference 
the Inteſtines are attached, is ſituated in the 
middle of the Abdomen. The Lacteal Veins 
of the firſt Order come from the Inteſtines, 
particularly the Fefunum, and terminate in 
the Glands of the Meſentery; thoſe of the 
ſecond Order, in Pecquet's Receptacle of the 
Chyle. This Receptacle is between the Roots 
of the Diaphragm. The Thoracick Duct, 
ſo called becauſe it mounts along the Thorax, 
is a ſmall Canal, which begins at the Recep- 
tacle, mounts along the Vertebra's of the Back 
between the Ribs and the Pleura, and inclining 
to the left Side of the Cheſt, is inſerted into 
the left Subclavian Vein. 

3. The Arms and the Legs are called the 
Extremities of the Body. The Legs and Arms 
are compoſed of Ligaments, Nerves, Veins 
and Muſcles. The Situation of the Arms and 
Legs is well known. Such, generally are the 
principal Parts of the human Body, and ſuch 
their Situation. But ſingular Cauſes produce 
ſingular Effects. Caſual Impreſſions may re- 
trench ſome parts in the tender Bud, and diſ- 

order 
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order the other Parts. Then they eaſily take 
a new Situation, which is confirmed by Time: 
and ſome particular Veſlels terminate where 
they ordinarily do not. The Mixture of 
Juices, and the Terminations which ariſe from 
this Mixture, are the Origine of many ſur- 
prizing Events. Hence, 1. In ſome Perſons, 
only one Kidney has been found, in others, 
a double Kidney has been ſeen *. Several 
have lived without a Spleen ®, and others have 
had a double one. 2. M. Littre found the 
Heart without a Pericardium in a Woman 
fifty-four Years of Age, who had never en- 
joyed her Health © Two Hearts have been 
obſerved in one Body ; this Obſervation has 
been twice made in two ſeveral Perſons, in 
whom the double Hearts were inverted * In 
a Child five years old at Lyons, the Heart 
was placed on the Right. ſide , with its Point 
towards the right Breaſt, Farther, all the parts 
in the Breaſt and Abdomen have been found 
miſplaced, the Baſe of the Heart turned to the 
left fide, with its Point to the right, the Li- 
ver on the left, and the Spleen on the right*. 
3. One while an Artery, another while the 
Splecn hath been found oflified :. A Bone 

| | Was 


* Journ, des Scav. 16 May 1678. p. 195. 
e Journ. des Sgav. 15 Aout, 1672. p. 247. 
© Hiſt. dePAcad. 1712. p. 37. 

4 Journ. des Sgav. 2 May 1678. p. 175. 
© Journ. des Scav. 2 Fev. 1678. p. 35. 

? Journ. des Scav. 24 Janv. 1689. 

s Rift, de Acad. des Sc. 1700. p. 39, 
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was found in the Heart of Pope Urban VIII, 

and ſeveral ſmall ones formed in the Brain', 
Laſtly, what is ſome what ſurprizing, the Bones 
themſelves loſe their Hardneſs. They tell us, 
that an Inhabitant of Sedan had his Bones 
ſoften in ſuch a manner, as to put on all kinds 
of Shapes; and that he decreaſed ſo much, that 
after having been of a reaſonable Size, he 
found himſelf reduced to that of a Child of 
two or three Years old. 

Ariſt. J know the Names, Nature, and 
uſual Arrangement of the principal Earts of the 
Body. Now what is their Uſc? 

Eudox. That may be anſwered in a word: 
It is evident, that the Bones are appointed to 
ſupport the reſt of the Body, give it Force, a 
certain Figure, and to preſerve the Marrow 
and Brain. The Heart gives motion to the 
Blood, the Lungs refreſh it, by giving it Air, 
which comes in by the Wind-pipe, the great 
Artery conveys it through its Branches, to the 
Extremities of the Body, and the Veins re- 
turn it to the Heart; the Pulmonary Vein and 
Artery make it paſs ſucceſlively from the right 
Ventricle to the left. In this Circulation, 
which diſtributes Nouriſhment to all the parts 
of the Body, ſeveral parts receive and ſepa- 
rate the different Liquors, which are mixed 
with the Blood; the Salival Glands, the Sa- 
liva ; thoſe of the Stomach and Oeſophagus, 

the 


8 — des Scav. 1 Mars 1677. p. 55. 
3 Mem. de Frey. Avr. 170g. p. 620. 
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the Acids proper for Digeſtion; the Lympha- 
tick Veſſels, the Lymph ; the Liver, the Bile 
and the Pancreas the Pancreatick Juice, for 
ſending it into the Inteſtines ; the Kidneys, 
the Urine, in order to carry it through the 
Ureters into the Bladder, which throws it 
forth by the Urethra. The Spleen ſubtilizes 
the Blood; the Brain by its Filtres converts 
the moſt ſubtile part of the Blood into ani- 
mal Spirits. The Brain, Nerves, and Muſcles, 
are the Organs of Senſe and Motion. The 
Teeth and Stomach being moved by the Action 
of the animal Spirits, Nerves, and Muſcles, 
makes a Chyle to repair the Blood, which is 
paſſed into the Subſtance of the Body. And 
while the Inteſtines carry off the uſcleſs part, 
the lacteal Veins receive the Chyle, and carry 
it to the Receptacle; the Thoracick Dutt 
conveys it to the Heart by the left Subclavian 
Vein, which falls into the Vena cava deſcen- 
dent or ſuperiour; and the Chyle being mixed 
with the Blood, begins principally in the Heart 
to be converted into Blood. 

Ariſt. You ſuppoſe, Eudoxus, that the Blood 
Circulates. 

Eudox. I will prove it. The Blood can- 
not go from the Heart to the Extremitics of 
the Body by the Arteries, and return from the 
Extremities to the Heart by the Veins, with- 
out circulating; ſeeing the Circulation of the 
Blood is nothing but this Motion from the 
Heart to the Extremities, and from the Ex- 

= OR 
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tremities to the Heart. But the Blood goes 
from the Heart to the Extremities by the Ar- 
teries, and returns from the Extremities to the 
Heart by the Veins. For, 1. Nature has placed 
three Valves at the Orifice of the Horta, which 
open from within outwardly, and let the Blood 
flow out of the left Ventricle of the Heart 
into the Aorta, to diſtribute it into its Branches, 
and oppoſe its return. The Veins, on the con- 
trary, have, at certain diſtances, Valves or 
ſort of Suckers ſituated in ſuch a manner, as 
to favour entirely the return of the Blood 
towards the Heart, and to prevent its Reflux 
downwards. The right Ventricle of the 
Heart has ſix, three at the Orifice of the Vena- 
cava, open from without inwardly, and three 
at the Orifice of the Pulmonary Artery, open 
from within outwardly. Laſtly, the left Ven- 
tricle has two at the Orifice of the Pulmonary 
Vein, diſpoſed ſo as to receive the Blood to 


throw it into the great Artery. Has not Na- 


ture order d this Structure expreſſly for the Cir- 
culation of the Blood? 2. If you tie the Ar- 
tery, and the Crural Vein of a Dog, and make 
an aperture in both of them above the Liga- 
ture; you will perceive a large Quantity of 
Blood iſſue out of the Artery, and not a drop 
from the Vein. Open the Artery and Vein 
below the Ligature, and the Blood will flow 
from the Vein, and not from the Artery. 
Open the Vein below the Ligature, and the 
Artery above, and the Streams of Blood _ 
croſs 
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croſs one another: and why is this? Doubtleſs, 
becauſe the Arteries carry the Blood to the Ex- 
tremities of the Body, and the Veins return 
into the Heart. Laſtly, when a Surgeon bleeds 
you, he is obliged to tie the Arm above the 
place where he is to open the Vein, that the 
Blood in its return to the Heart may be ſtopp'd, 
collected, and forced to iflue out at the Orifice. 
Therefore the Blood circulates. 

In ſhort, a certain Philoſopher pretends to 
have ſeen diſtinctly the Blood circulate, even 
in the Leg of a Spider T. I will tell you how 
you may certainly ſee the Circulation of the 
Blood. Over a lighted Wax- candle, place the 
Meſentery of a live Frog, ſo that the Meſen- 
tery may be between the Light and the Micro- 
ſcope. By the help of the Microſcope, you 
may obſerve the Blood flow with contrary 
Motions in the Arteries and Veins, and cir- 
culate prodigiouſly- quick. 

Ariſt. After this, one cannot doubt of the 
Blood's Circulation. I fancy I ſee its Courſe, 
and will deſcribe it to you, it you can bear 
the Repetition of the Terms. The Blood 
paſſes from the Ventricle or left Cavity of the 
Heart into the Aorta aſcendent or ſuperiour, 
and into the Aorta deſcendent or inferiour. 
From the upper Horta into the Arms by the 
axillar Arteries; into the Head by the carotid 
and cervical Arteries; from the axillar Arte- 
ries, into the axillar Veins; from the axillar 
Veins, 
* Hiſt, de PAcad, 1700. p. 9. 
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Veins, into the ſubclavian ; from the carotid 
and ccrvical Arteries, into the jugular Veins ; 


from the Jugulars and Subclavians, into the | 


Vena-cava deſcendent or ſuperiour. In the 
mean time, having paſſed from the Horta de- 
ſcendent into the cæliack, meſenterick, emul- 
gent, iliack, and crural Arteries; and from 
theſe Arterics into the crural, iliack, and all. the 
other Veins of the lower Belly, it returns in- 
to the Vena- cava aſcendent or inferiour. From 
the upper and lower Trunk of the Vena cava, 
it is diſcharged into the right Auricle of the 
Heart; from the right Auricle, into the right 
Ventricle; from the right Ventricle, into the 
Pulmonary Artery, thence into the Pulmonary 
Vein, and from that, it enters into the Ven- 
tricle or left Cavity of the Heart; from the 
left Ventricle, it is thrown afreſh into the 
great Artery, to continue a Movement, which 
carries the Nouriſhment into all the parts of 
the Body, and which ceaſing, infallibly puts 
an end to Life: and this is the Circulation of 
the Blood. But how many times do you make 
it circulate in an Hour? 

Eudox. 1. I ſuppoſe the left Cavity of the 
Heart to contain two Ounces of Blood. Ac- 
cording to the Obſervations of Lower, it may 
contain more. 2. I ſuppoſe that this Cavity 
empties itſelf at every contraction of the Heart. 
One may ſee the Heart of a Frog grow white 
every time it is contraſted. 3. Liſter * pre- 

| | tends 
* Page 47. Niewentyt, p. 57. 
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d Þ tends that the Heart beats ſeventy-five times 
nia a Minute. I ſuppoſe that in one Minute, 
eit beats preciſely ſixty times; that is to ſay, 
K once each Second. That being granted; 1. the 
s Heart will beat 3600 times in an Hour. For 
60 times 60 make 3600. 2. Conſequently in 


none Hour, there will paſs through the Heart 
© WS 7200 Ounces of Blood; for there will paſs 
- WS twice 3600, ſince each beating, the Heart 
nl WE throws out two Ounces into the Horta; and 


„ twice 3600 make 7200. 3. 7200 Ounces 
e make 600 times 12 Ounces, or 600 Pounds 
t of Blood. 4. There will paſs then through 
the Heart the value of 600 Pounds of Blood 
in an Hour, or, what amounts to the ſame 
; thing, 25 Pounds of Blood will paſs through 


: the Heart 24 times in an Hour *. 

: If the Maſs of Blood amounts, as Lower ſup- 
| WY poſes, to 25 Pounds, all the Blood will paſs 
through 
; 


* It may not be amiſs, in this place, to tranſeribe the following 
Propoſition from the ingenious Dr. Morgan's Philoſophical Prin- 
ciples of Medicine, p. 121. . 


To find the abſolute and relative Velocity of the Blood. 


By the abſolute Velocity of the Blood, I here mean that which 
it obtains at the Heart, or in the Aorta, before its Ramifica- 
tion and Diviſion into Branches: and by the relative Velocity, I 
under ſtand that which it obtains at any given Diſtance from the 
Heart, after any aſſignable number of Branches or Ramifications. 

Now if the Sum of the tranſverſe Sections of the Branches and 
Ramifications of the Aorta, were every w: re equal to the Section 
of the main Trunk itfelf, tis manifeſt, that the Velocity of the 
Blood in this caſe muſt be every where the fame as in the Aorta. 
Bur ſince it appears in Fact, and by Experiments, that the Sum 
of the Secxions of the Arteries, at every Diviſion, is greater than 
the Secxion of the common Trunk before the Diviſion, it muſt 
from Hence follow, that the Velocity of the Blood will be dimi- 
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through the Heart 24 times in an Hour, or 
576 times in a Day. 


Ariſt. 1 equally admire the Swiftneſs and 
Continuation of the Blood's Courſe, and the 


Spring 


niſned at every Diviſion, as the Canals enlarge, and in the ſame 
Proportion: and therefore the Ratio in which the Sections en- 
large, being given, the Ratio in which the Velocities are di- 
miniſhed, will be likewiſe given. 

For the ahſolute Velocity: The Quantity of Blood thrown out 
of the lefr Ventricle, in a given time, being divided by the 
tranſverſe Section of the Aorta, will give the Length of the 
Canal, or the Space thro' which the Blood moves in the time 

ven. 

Srhe left Ventricle, in its middle Size, is capable of contain - 


ing between three and four Ounces of Blood: but it is not cer- 


tain that this whole Quantity is emptied into the Aorta, at ev 

Contraction or Sy ſtole; and therefore I ſhall ſuppoſe, that du- 
ring the time of one Pulſation only two Ounces of Blood is 
thrown into the Aorta, and that the Heart contracts 80 time: 
in a minute, and then there will be 160 Ounces paſs through 


the Aorta in a minute. 


An Ounce of Blood is 1,65 cubick Inches, and conſequently 


160 Ounces will be 264 cubick Inches. The Diameter of the 


Aorta is about 0,7 of an Inch; and conſequently its Section will 
be 0,4 of an Inch: and 264, the Quantiry — * in a minute, 
divided by 0,4, gives 660 Inches, or 55 Feet, for the Length 
of the Canal, or Space deſcribed by the Blood in a minute. 
And after the ſame manner may the Velocity of the Blood in 
the Aoria be determined, upon any other Suppoſition of the 
Quantity paſſing in a given time. 

For the relative or reſpective Velocity of the Blood, after any 


given number of Branches or Ramifications of the great Artery: 


Let the Velocity in the Aorta be called 4, and the Ratio of t 
Trunk to the Sum of the Sections of any two Branches called 
e: then & being the Velocity at the Heart, the Velocity after 
the firſt Diviſion will be ae: at the ſecond Diviſion 4 e *, at 
the third Diviſion ae*, &c. conſequently at the thirtieth Divi- 
ſion the Velocity will be as ae3®. 

Now the moſt uſual Proportion which obtains between the 
Sections of the common Trunk, and the Sum of the Sections 
of its Branches, as Dr. Keil found by many Obſervations and 


Experiments, is that of 422 nearly: upon which Suppolition, 


et it be required to find the relative Velocity of the Blood; for 
| | in- 
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Spring of the Heart. But I ſhould be glad to 
know without Interruption the Origih of this 
Circulation, how it is perform d, and its Effi- 
cacy towards Life, Senſe, Senſations and Mo- 
tion. 

Eudox. We ſhall ſee it, Eudoxus, in diſ- 
courſing on the firſt Opportunity concerning 
the Motions of the Heart, the Motion of 
the Blood towards the Extremities, the Se- 

aration of the Liquors mixed with the 
Blood, the Action of the Muſcles, Reſpi- 
ration, Nutrition, the Return of the Blood 
towards the Heart and its Reparation. We 
ſhall ſee at the ſame time the uſe of the prin- 
cipal Parts of the Body. In a word, we 
ſhall ſee at one view the Mechaniſm and Move- 
ment of the Human Body. 


inſtance, at the thirtieth Diviſion the Logarithm of 422 is 
9, 9065783; which multiplied by 30, the Index of rhe Power 
of e, gives 7,1973490, to which the Number anſwering in the 
Tables is 0,001575 ; and conſequently the Velocity at the Heart, 
is to the Velocity at the thirtieth Diviſion, as 1 to 0,001575 5 
that is, as 1000000 to 1575, or as 635 to 1. And therefore if 
the Blood in the Aorta moves 55 Feet, or 660 Inches in a mi- 
nute, at the thirtieth Diviſion it will move bur little more than 
an Inch in the fame time. In like manner, at the fortieth Di- 
viſion the Diminution of Velocity will be as 5456 to 1; at the 
fiftieth as 46882 ro 1; and at the hundredth Diviſion: as 
2200000000 to 1 nearly. This is upon the Suppoſition, that 
the Sections are augmented through all the Diviſions of the Ar- 
teries, in the fame conſtant Ratio of 124 to 100: but tis very 
probable, that a much leſs Ratio than this, muſt take place in 
the ſmall complicated Arteries; and conſequently, that the Di- 
minution of Velocity cannot be ſo great as this proportion would 
ſuppoſe it, though the number of Diviſions and Complications 
ſhould be much greater. 
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CONVERSATION IX. 


Upon the Mechaniſm and Movement of 
the Human Body. 


Ariſt. oO U have promiſed, Eudoxus, 

to ſet before me at one View, 

| the Mechanifm and Movement 
| of the Human Body. 

Eudox. We will begin then with the * Heart, 

where begins in all probability the Mechaniſm 

of 


* Several learned and ingenious Men have obliged the World 
with their Sentiments concerning Muſcular Motion and the 
Power of the Heart; but as their Concluſions differ ſo much 
from one another, it would be too tedious to give a detail of 
them in this place. What follows from Dr. Morgan, ſeems to me 
to be moſt intelligible to Perſons unacquainted with the Mathe- 
maticks of any thing that I have ſeen, wherefore I ſhall take the 
Pains to tranſcribe it. 


Propoſition IV. Philoſ. Princip. of Medicine, p. 124. 


Muſcular Motion is performed by the intrinſick Elaſticity of the 
nervous Fibrillæ, contracting and reſtoring themſelves againſt the 
firetching Force of the Circulating Blood. 


A Muſcle is a Bundle of ſmall Blood-Veſſels, conſiſting of Ar- 
teries and their Returning Veins, laid one upon another in very 
thin parallel Plates, running through the whole length of the 
Muſcle; theſe Blood-Veſſels, or as they have been uſually called, 
Jongitudinal, red, and fleſhy Fibres, are every where at ſmall In- 
tervals, contorted and bound about with ſmall, tranſverſe and 


ſpiral Ramifications and Twinings of the Neryes, which _— 
* miſts 
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of the Body. The Hearr has two Movements, 
the one Dilatation, and the other ContraCtion, 
The firſt is called Diaſtole, and the other Syſtole. 

| | The 


miſts have commonly called, the white, ſpiral, and tranſverſe 
Fibres. 

A Muſcle thus conſtructed, has its two Ends, called the Ten- 
dons, faſtned to two Bones, one of which is fix d, and the other 
moveable; and by the Contraction of the Muſcle, the moveable 
Bone is drawn upon its Fulcrum towards a fixt Point. But be- 
fore I proceed farther, it will be proper here to obſerve one re- 
markable Difference, between the Muſcles of voluntary, and 
thoſe of mere natural or neceſſary Motion, which is this: That 
all the Muſcles of voluntary Motion have their Antagoniſts, 
which act alternately in a contrary Direction, the one being 
ſtretch'd and extended, while the other is contracted by the 
Powers and Command of the Will. But the Muſcles of bare 
natural neceſſary Motion, have their contracting, and extending 
or ſtretching Powers within themſelves, and need no Antago- 
niſts. Now I ſhall in the firſt place conſider what is in common 
to both theſe, as neceſſary and eſſential to all Muſcular Motion 
whatever, whether voluntary, or barely Natural and Mechanical. 
In order to which, I ſhall here demonſtrate as an evident Matter 
of Fact, that all the nervous Coats and Fibres which enter into 
the Structure and Conſtitutioh of the Muſcles, are indued with an 
intrinſick Elaſticity, Spring, or Power of contracting and re- 
ſtoring themſelves, againſt a given Weight or Force by which 
they may be {ſtretched ; and, that this Elaſticiry, or contractive 
reſtiturive Power, being a natural inherent P:operty of the 
Fibres themſelves, does not depend on the Mixture, Efferve- 
ſcence or Rarefaction of any Fluids, Humours, or Liquors within 
the Body: this I think, will abundantly appear as plain in Fact 
from the following Conſiderations. 

„ manifeſt, that all the Veſſels in an animated Body 
which conſiſt of flexible diſtraQile Fibres, are in a ſtate of Ten- 
ſion ; that is, they are both diſtended tranſverſely and ſtretched 
in length, by the Quantity and Momentum of their contained 
Fluids: For let any ſuch Veſſel as a Vein or Artery, for inſtance, 
be cur tranſverſely, and the Blood being let out, or hindred from 
flowing to the Wound by a proper Ligature, the oppoſite ſides 
of the Veſſel will contract, and come nearly to a Contact about 
the Axis; while the two Ends will recede both ways from the 
Paint of Section, by the contractive Power of the Fibres, and leave 
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The Diaſtole is a Prolongation, and the Syſtole 

a Contraction of the Heart, When it con- 

tracts, its Point approaches the Baſe obliquely, 
and 


an intermediate Chaſm or gaping Wound: which makes it evi- 
dent, that the Veſſel, while it remained entire and in its natural 
State, was diſtended tranſverſely, and ſtretched in length, by 
the Quantity and Moment of the contained circulating Blood; and 
conſequently, Contraction in all their Dimenſions, is the natural 
intrinſick Action of the Veſſels or Fibres themſelves : this Con- 
traction therefore, is plainly the State ro which the Elaſtick 
Fibres tend by a continual Conatus, and to which they are pre- 
ſently reduced as their proper and natural ſtate of Reſt, as ſoon 
as they are freed from the diſtending ſtretching Force of the 
Fluids; and that the Vaſcular or Organical Parts of the Body, 
are proportionally inlarged in all their Dimenſions by the Quanti- 
o and Moment of their contained Fluids, is farther evident 

om theGrowth, or gradual Augmentation of Bulk in Animals, 
For every body knows, that by the encreaſed Quantity and 
Momentum of the accumulated Blood and animal Fluids, the 
Veſſels in their natural State and Growth are enlarged in pro- 
portion every way ; that is, ſtretched in length as well as di- 
ended and widened in breadth and thickneſs: this therefore is 
the proper and natural Action of the Fluids, to diſtend and 
ſtretch the vaſcular parts, and enlarge them in all their Dimen- 
fions. Againſt the diſtending ſtretching Power of the Fluids, 
the ſolid Muſcular Fibrille continually exert a contractive or 
reſtitutive Force, by which they are kept in their pr and 
natural ſtate of Tenſion, and without which they would imme- 
diately be relaxed, and become uncapable of any Action at all. 
2. That this contractive Power of the Muſcular Fibres, is a 
natural intrinſick Property of the Fibres themſelves ; and that it 
dots not depend on any Mixture, or mutual Action of Fluids with- 
in the Body, is evident from hence, that theſe Fibres retain the 
ſame Property, after they are taken out of the Body and dried; 
as we ſee in Thongs, Cat-gut, and other ſuch like Cords or 
Strings, cut out of the Muſcular Coats and Skins of Animals, 
which may be ſtretched out to a conſiderable length beyond their 
natural State; and when the ſtretching Force or Weight is taken 
off, they will immediately contract again, and recover them- 
ſelves by their own native intrinſick Spring. 

3. While a Muſcle contracts, the Blood is forcibly ſqueezed 
out of it; and during its State of Contraction, it is more hard, 
| compact, 


2... 6 ans cas a a6 ha © bo 


69 


rr A. 7 


TY ARK Px . i 


Conv. IX. of the Human Body. 167 


and after the manner of a Screw; becauſe its 
external Fibres go from the Baſe towards the 
Point, and reaſcend from the Point towards 

the 


compact, and ſolid than before; that is, it contains leſs Blood and 
Fluid in it when contracted, than when it is ſtretched and ex- 
tended : which plainly ſhews that this Contraction cannot be 
made by the Addition of another Fluid from the Nerves, mixing 
with Blood in the Muſcles. 

Tis well known in Blood- letting, when a Section has been 


made in the Cephalick Vein, if the Blood does not flow free 


enough from the Orifice, the Velocity of the effluent Blood will 
be much encreaſed and promoted, by clinching the Hand of the 
ſame Side, and bringing the Muſcles of the Carpus into a ſtrong 
Contraction : if this Contraction be long continued, the Velocity 
of the effluent Blood will be ſenſibly abated by ſuch continual bent; 
but if the Fibres are unbended, and the Muſcles contracted again 
by turns, the increaſed Velocity and Impetus of the Blood from 
the Orifice will be reſtored, and may be kept as long as we 
pleaſe. This is the Matter of Fact, and which happens thus 
the Blood with which the Muſcles of the Carpus are filled and 
diſtended, while they are ſtretch d and dilated, being forcibly 
compreſs'd and ſqueezed out by the Contraction, is ſent directly 
into the ſubclavian Vein, from whence it flows out at the 
Orifice, and increaſes the Velocity. If the Contraction be lon 

continued, the Velocity will abate, and be but little, if ar al 
promoted; at moſt, no further than what may bedone by a ſmall 
quantity of Blood, which being ſuſpended from entring the 
Muſcles of the Carpus, now finds an eaſier and more open way 
through the Orifice. But if thoſe Muſcles be alternately con- 
trated and extended, the increaſed Velocity of the Blood through 
the open Vein will be kept up; becauſe in this Caſe there is not 
only an increaſed Quantity of Blood ſent to the Orifice, but a 
continual new Impetus given it by the contracting compreſſing 
Nerves. Every Body knows the power of Exerciſe, or any 
brisk voluntary Motion, in raiſing the Pulſe, and encreaſing the 
Velocity of the Blood ; and how this comes about, is very evi- 
dent from this Principle: for the Blood, forced with a new 
Impetus through thoſe Muſcles, by their repeated ſtrong Con- 
tractions, muſt communicate its Motion to the reſt of the Blood, 
OR Ly gradually riſes, and the Heat diffuſes itſelf, as we 
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the Baſe in form of a Snail. The Movements 
arc made in the Ventricles at the ſame time. 


Ariſt. 


But the moſt convincing experimental Proof of this, as true 
in Fact, is from what may be oblerved in the Heart of a Dog, 
whoſe Thorax has been laid open, ſo as to give us a diſtinct View 
of that famous Muſcle in its curious and wonderful Motion, 
while the Animal is {till alive. | 

In this Caſe one may obſerve, that the Heart while it is in its 
Diaſtole, appears of a very red and florid Colour; *tis ſenſibly 
ſoft and yielding ro the Touch, the vital Fluid glows in it, and 
ſhines through it; and in ſhort, all the Circumſtances ſhow, that 
in this State the Muſcle is fully repleniſhed and diſtended with 
Blood; but as ſoon as it begins to contract, one may obſerve the 
Blood with an increaſed Velocity, flowing out of its whole 
Subſtance, through the Coronary Veins into the Awricles; and 
while the Blood thus ruſhes out, by the Compreſſion of the 
contracting Nervous Fibres, the Heart manifeſtly changes its 
former red and fluid, into a much more pale and livid Colour ; 
it is ſenſibly more compact and ſolid to the Touch, and every 
Circumſtance concurs to evince, that in its Syſtole it contracts 
inwardly into its own Subſtance, and is more denſe, or takes up 
leſs Space than before. 

The Syſtole being over, and the Heart returning to its Diaſtole, 
the Velocity of the Blood through the Coronary Veins is abated, 
and the Muſcle recovers its former Redneis, Floridity and Soft- 
neſs: from whence 'ris manifeſt, that in this Caſe the Blood 
ruſhes into the whole Subſtance thro' the Coronary Arteries, and 
inflates and ſtretches the Blood-Veſlels, in order to bend or ſtrain 
the Nerves for the next Contraction. 

4. The common Hypotheſis, which derives a new additional 
Fluid from the Nerves, to be mix'd with the Blood in the 
Muſcles, in order to their Inflation and Contraction, is not only 
contrary to all the foregoing evident Facts, but likewiſe plainly 
inconſiſtent with the Circulation of the Blood. For *tis manifeſt 
by what has been here ſaid, that the Blood in the Muſcles, du- 
ring their Contraction, is ſo far from receiving any additional 
Fluid from the Nerves, that its Quantity is very much dimi- 
niſhed, while it is ſqueezed out with an increaſed Impetus and 
Velocity, by the compreſſive Force of the contracting reſtoring 
Nerves. | | 

But beſides this, the common Doctrine concerning Muſcular 
Motion is plainly inconſiſtent with the Circulation of the o—_ 
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* Ariſt. 1 ſhould be glad to know the Princi. 
ple of theſe alternate Motions. 


Eudox. 


and with all the knowneſtabliſhed Laws of Nature in the Animal 
Oeconomy : for 'tis here ſuppoſed, that the longirudinal Fibres, 
as they are called, which conſtitute the main Body of a Muſcle, 
are divided at {mall diſtances by tranſverſe Fibres, as ſo many 
Ligatures, into innumerable little Cells, Veſiculæ or Bladders, 
communicating with the Blood- Veſſels and Nerves ; in which 
ſmall Veſicles or Bladders, the Blood and nervous Fluid mix- 
ing, preſently run into a Fermentation; and by their Rare- 


faction and Expanſion, ſwelling and blowing up the little Ve- 


ſicles, the Body of the Muſcle is hereby inflated and diſtended, 
or increaſed in thickneſs while it is ſhortned in length. This is 
the common Hypotheſis, at leaſt ſo far as I am able to compre- 
hend it, and which 1 take to be incumbered with ſeveral inſu- 
perable Difficulties. For, in thefirſt place, no ſuch Fluid in the 


Nerves could ever be found, as being mixed with the Blood, 


would occaſion any ſuch Fermentation, Rarefaction, or Ex- 
panſion, as is here ſuppoſed; and yer this is a Matter which cer- 
tainly ought to have been well cleared in Fat, before it had 
been received as a Law of Nature, and made uſe of to account 
for other Phxnomena; eſpecially before ſo great a Streſs had 
been laid upon it, in accounting for almoſt all Diſeaſes. 

But ſuppoſing theſe Muſcular Cells, Veſicles or little Bladders 
to be inflated, as is here imagined, by the expanſive Force of an 
included Fluid; yet no ſuch effect could follow, as ſhortning the 
Muſcle in length, and ſwelling it in thickneſs : but the Conſe- 
quence in this Caſe muſt be, that the Muſcle would be lengthened 
as well as thickned ; that is, it muſt encreaſe its Dimenſions: 
proportionally every way, which is the proper and natural Action 
of the Fluids upon the Solids, as has been ſhewn already. _.. . 

Perhaps it may be ſaid, that theſe Strings of Veſicles or-litgle) 
Bladders, when the Muſcle is ſtretched or extended, are drawu 
into oblong Spheroids; but when they areinflated by the mixture 
of the nervous Fluid with the Blood, they are reduced to a ſphe- 
rical figure, by which means their Axes will be ſhortened, and 
their . conjugate Diameters enlarged. But ſince the Veſicles 
muſt be allowed to be ſoft, flexible, diſtractile, and equally yield- 
ing every way; and ſiuce an included expanfive Fluid muſt preſs 
its containing Veſſels equally every way, that is in the n, 
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Eudox. That is propably the Fermentation 
of the Blood, and the Spring of the Heart. 
| Wee” The 


of its Axis and conjugate Diameter equally ; *tis manifeſt 
that any Veſſel, notwithſtanding ſuch preſſure or diſtenſion, 
muſt rerain its natural or proper Figure ; and being equally di- 
ſtended and ſtretched in all Directions alike, muſt proportionally 
be enlarged in all its Dimenſions. But there is one thing far- 
ther which muſt entirely overthrow this Hypotheſis ; and that is, 
that no ſuch Rarefaction or Expanſion in the Muſcles can poſſibly 
happen, without giving an invincible Check, or putting a ſtop 
to the Circulation of the Blood. For fince the Blood circulates 
continually, and freely, through theſe Muſcular Veſicles, by the 
Hypotheſis, tis evident that theſe Veſicles muſt be continued 
Canals with the Blood- Veſſels; for otherwiſe there would be a 
continual Extravaſation of Blood, which muſt ſoon put an end to 
the Circulation, and to the Life of the Animal. And ſince the 
Blood circulates freely through theſe Muſcular Cells or Velicles, 
"tis plain that as ſoon as ever they begin to inflate and blow up, 
the Blood muſt be immediately puſhed forward with an encreaſed 
Velocity in the Courſe of its Circulation; which muſt neceſſa- 
rily prevent any ſuch Inflation, Tumefaction, or Diſtenſion in 
the Muſcles. Before theſe Veſicles therefore can be blown up and 
diſtended in the manner that is ſuppoſed, the Exit of the aiftend 
ing rarefying Fluid muſt be hindered ; that is, the Circulation of 
the Blood muſt be ſtopr. And if any one ſhould doubt of this, 
let him try whether he can blow up a Bladder or other Veſſel 
that is open at both ends; and where the expanſive Fluid has as 
free an Egreſs as Ingreſs. But if this cannot be done, it muſt 
be equally impoſſible to inflate the Muſcles according to the 
common Hypotheſis, while there is an open free Communica - 
tion with the Arteries and Veins. 

Theſe things premiſed, the natural Mechanical Action of a 
Muſcle will be now eaſily underſtood and explained: for tis evi- 
dent from the Structure and Conſtitution of a Muſcle, as already 
deſcribed. that upon the Contraction of tranſverſe and ſpiral 
Eibres, which are the Ramifications and Twinings of the Nerves, 
the longitudinal, red, and fleſhy Fibres or Blood-Veſlels, which 
conſtitute the main Body of the Muſcle, muſt be ſqueez'd, con- 
torted and drawn together, as being compell'd to follow the 
Motion and Direction of theſe contracting elaſtick nervous Chords; 
by which means the Blood -Veſſels being ſtraitned and compreſſed, 
muſt be forced with ſome impetuoſity through the Muſcle, and 
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The Fermentation and the Spring muſt, I think, 
produce theſe Movements, if the Blood fer- 
ments 


ropelled forward in the Courſe of its Circulation. Now if 
the Blood ſhould hereupon ſtop, and return no more to the 
Muſcle, *tis plain that the Mute muſt for ever remain in this 
contracted ſtate, as its proper and natural ſtate of Quieſcence, 
to which it tends; and where it would reſt, by the intrinſic k 
elaſtick Power of theſe nervous contracting Fibres : but the 
Blood having received a freſh Impetus by the ContraQion, and 
returning upon the Muſcle in the Courſe of its Circulation, 
ruſhes into the Blood-Veſſels, which being enlarged in all their 
Dimenſions by the Force and Impulſe of the returning Blood, 
the tranſverſe and ſpiral nervous Fibres muſt be hereby ſtretched, 
and the Muſcle extended; by this means the Blood-Veſſels be- 
ing brought to their natural and due Extent and Capacity, and 
conſequently the ſtretching diſtending Force of the Blood ceaſing 
or diminiſhing, the contractive Power of the Nerves will in that 
ſtare begin to act again, and reſtore themſelves with the ſame 
Force by which they were ſtretchd and extended; till the re- 
turning propell'd Blood re- enters the Muſcle, and ſtretches it 
again, as before deſcribed. Now tis evident that theſe two 
Counter-forces being once thus adjuſted and equipois'd, this al- 
ternate Contraction and Extenſion muſt be continued neceſſarily 
and mechanically, without any Dependence upon Will or free 
Agency, till the Æquilibrium be broken, and the Motion ſome 
way or other preternaturally interrupted and - And from 
hence appears very plainly what has been obſerv'd before; that 
every Muſcle of meer natural involuntary Motion, has its con- 
tracting and ſtrerching Powers within itſelf, or in its own 
Structure and Conſtitution, without needing the aid and aſſiſtance 
of Antagoniſt Muſcles. 

But where the Bones and Members are to be moved with any 
great Force in contrary Directions, by the Command of the 
Will, the Author of Nature has every where in this Caſe pro- 
vided the Animal Machine with agtagoniſtical Muſcles, one of 
which is contracted while the other is extended: and how the 
matter ſtands in this Cafe with reſpect to Muſcular Motion, or 
how this voluntary Motion differs from that which is natural and 
neceſſary, I ſhall now proceed to ſhew. 

Now fince the Muſcles of neceſſary and voluntary Motion, 
have plainly the ame internal Structure and Conſtitution, with 
reſpect to the Twinings and Ramifications of the Nerves, with 
the 
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ments in the Heart, and that a Contraction ig" 
the natural State of the Heart. The Fermen- 
tation ought to dilate it, and the Spring on 
the contrary ought to contract it, in order to 
reduce it again to its natural State, Bur, 
1. The Blood ferments in the Heart: for 
the more it is diſpoſed to ferment, the more 
we feel the Heart beat; and the Blood is 
more hot, rare, ſubtil and perfect, when it 
comes 


the Blood-Veſſels; tis manifeſt they muſt have the ſame neceſ- 
ſary Mechanical Action: that is, they muſt be alternately 
ſtretch'd and extended, contracted and compreſs'd, in conſe 
_— of their Organization and Structure; whether there 
uppos'd to be any Interpoſition of the Will, or Influence an 
Impreſſion of the Mind upon them or not. 

And here with reſpe& to this neceſſary and barely Mecha- 
nical Action of the Muſcles, thoſe which are intended for 
voluntary Motion, and which are therefore provided with | 
Antagoniſts, are ſtretchd and extended, or contracted and com- | 
preſſed, together and at the ſame time: by means of which 
conjunct and uniform Action, of the ſame Pair of Antagoniſts, 
theſe Muſcles, ſo far as they act naturally, neceſſarily, and inde- 
pendent on the Will, are always kept in Ægquilibrio, as being 
continually and alternately impreſs'd with two contrary equal 
Forces. 

But here the Author of Nature has put it into the Power, or 
under the Command of the Mind, by a Volition, Preference, 
Choice, or free Determination, to alter this Æquilibrium, and 
turn the Ballance one way or the other at pleaſure: that is, the 
Mind, by willing, directing, or determining it, can impreſs the 
nervous elaſtick Chords, or Fibrille of any Muſcle which has an 
Antagoniſt, with a certain Stimulus, Irritation or compreſſive 
Energy, by which the Muſcle ſo impreſsd is brought into a 
ſtrong and forcible Contraction, againſt the contrary much 
weaker, and merely mechanical Force of its antagoniſtick 
Muſcle. 

This is evidently ſo in Fact, but the Manner of it can no 
more be explained, than the Union of the Soul and Body, of 
which this is one of the Laws. Tis plain in Fact, that external 
Objects, by ſtriking and impreſſing the Organs of Senſation with 
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comes out, than when it entered it. 2. The 
Contraction is the natural State of the Heart: 
ſhould the Blood fail it, it is cloſed, the ner- 
yous Fibres contract, and approach the Point of 
the Baſe, like a Chord which draws up a 
Weight by contracting. Therefore the Fer- 
mentation of the Blood, and the Spring of the 
Heart, produce the alternate Motions of the 
Syſtole and Diaſtole. In a word, if you tie 
the Vein which carries the Blood to the Heart 
of an Animal, the Heart cloſes and remains 
without any Motion. 

Ariſt. The Blood, I think, ought to enter 
abundantly into the Heart in the Moment of 
the Diaſtole, ſince then the Ventricles are di- 
lated ; and go out in the Syſtole, ſince then 
the Ventricles are contracted. 

Eudox. 


a certain Stimulus or Irritation, excite their peculiar and ap- 
propriate Ideas in the Mind; and onthe other hand, the Mind by 
willing, directing and determining it, can impreſs the Nerves 
with a ſtimulating, contracting, and compreſſive Force upon 
the Blood-Veſſels, C which the antagoniſtick Muſcles are drawa 
in their reſpective contrary Directions at pleaſure. Now the 
beſt way of accounting for this, is, doubtleſs, to reſolve it into 
the Will and Power, or continual Preſence and Action of the firſt 
Cauſe, who has eſtabliſh'id ſuch a Law, and continues it in 
force and execution. They who do not like this, may by Ima- 

ination create as many intermediate Cauſes as they pleaſe; but 
they muſt either come at length to a firſt Cauſe, and to take all 
this Round to no purpoſe, or elſe run up the Account of matters 
in inſinitum, without ever coming to a firſt Cauſe ; or which is 
the ſame in the Iſſue, ſuppoſe every thing to be Effect without 
Cauſe, or without any original independent active Power or Prin- 
ciple of Energy and Motion: which muſt reduce Religion and- 
Philoſophy to the ſame deſperate State, and deſtroy all the Prin- 
ciples of Reaſon, as well as of Virtue and moral Conduct, © 
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Eudox. Accordingly you may obſerve the 
Heart of a Frog redden in the Diaſtole, and 
grow pale in the Syſtole. | 

Ariſt. But whence comes the firſt Blood, 
which produces in the Heart the Motion of the 
Diaſtole ? 

Eudox. From the Mother; a reciprocal 
Circulation of the Blood is carried on between 
the Mother and the Fœtus, in order to nouriſh 
it. During the Pregnancy, the Arteries of the 
Womb convey Blood into the Placenta, the 
Placenta is nouriſhed with it, and depoſites 
the ſuperfluity into the Roots of the Umbili- 
cal Vein, which makes part of the Navel-ſtring ; 
from thence it paſſes thro' the Sinus of the 
Vena- porta into the Vena cava, which re- 
ceives it, that it may be carried into the right 
Auricle of the Heart, from whence, it in part 
paſſes into the left Auricle thro' the Foramen 
Ovale, and in part into the right Ventricle: T he 
Blood being received into the right Ventricle, 
ferments, and dilates it by the Fermentation. 
The right Ventricle being dilated, is contracted 
by virtue of its Spring, in order to recover its 
natural State. The Blood being forced out by 
the Contraction, enters into the Pulmonary Ar- 
tery, which diſcharges it, partly into the infe- 
rior Aorta by Botallus's Duct, and partly into 
the Lungs, whence it paſſes into the left Ventri- 
cle by the Pulmonary Vein ; while the Blood, 
which has paſſed from the right Auricle into 
the left, enters into the ſame Ventricle z and 
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the Contraction of this Ventricle being dilated 

by the Fermentation of the Blood, throws 

the Blood into the Horta. Upon that, the 

Arteries diſtribute it into the parts of the Body, 

to Convey Nouriſhment thereto. The ſuper- 

fluity of this Blood returns into the Chord by 

the Umbilical Arteries, and from thence into 

the Placenta; the Placenta returns it into 

the Veins of the Womb, which it conveys in- 

to the great Veins of the Mother, to circulate 

there, till it returns again into the Heart of the 

Foetus, as it came there at firſt. 

Ariſt. Is this reciprocal Circulation well 
proved ? 

Eudox. When you touch the Navel-ſtring 
of a new-born Infant, you there feel the 
ſame Pulſation as at its Arteries. The Blood 
then which fills the Umbilical Arteries, muſt 
come from the Heart of the Fœtus, to return 
into the Mother. And how can it come 
back from the Heart of the Foetus, without it 
had firſt gone by that Rout we have traced out? 
Ariſe. 1 fancy I comprehend the Principle of 
the Blood's Circulation. Let us obſerve it 
flow in the Body, and what paſſes in its Courſe, 
according to the Laws of Phyſicks. 

Eudox. The Blood being thrown into 
the Aorta abundantly and with violence, by the 
Contraction of the left Ventricle, without be- 
ing able to flow back by reaſon of the ſitua- 
tion of the Valves, which oppoſe its return, 
immediately enlarges the Artery ; but the Ar- 
; tery 
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tery contracting it ſelf by means of its Spring, 
encreaſes the force and direction 3 the 
Blood has received in going from the Heart, in 
order to aſcend and deſcend by the two 
Trunks of the Aorta. The ſuperior Trunk 
carries it to the Arms by the axillar Arteries, 
and to the Head by the Carotids and Cervicals. 
The inferior Trunk conveys it to the Liver 
and Spleen by the Cæliack Arteries; into the 
Inteſtines and Meſentery, by the Meſenterical; 
into the Kidneys, by the Emulgents; into the 
Flanks, by the Iliacks, into the Thighs and Legs, 
by the Crural ; and into all the inferior parts 
of the'Body, by millions of Ramitications, 
However theHeart firſt takes itsſhare, in making 
the Blood neceſſary for its proper Nouriſhment 
return by two Arteries, which are called Co- 
ronary, and which are ſeparated from the great 
Artery immediately at its Exit from the Heart. 

The Blood iſſuing out of the Arteries, and 
inceſſantly thruſt forward by the Action of the 
Heart and Arteries, and agitated by a conti- 
nual Fermentation which cauſes the Heat of the 
Body, meets with Strainers of different Con- 
figurations, and impregnated with divers Li- 
quors from their Origin. By means of theſe 
Strainers it depoſites in divers places different 
Liquors which it carries along with it; the 
Urine for example in the Kidneys, to make it 
paſs into the Bladder ; the pancreatick Juice 
in the Pancreas, and the Bile in the Liver; 


the Lymph in the Lymphatick Veſlels ; * 
Mil 


Conv. IX. of the Human Body. 177 


Milk in the Breaſts ; the Acids in the Glands of 
the Stomach and Oeſophagus ; the Spittle in 
the Glands of the Parotides, which are placed 
behind the Ears; and the Animal Spirits in the 
Brain. 

The Brain, acccording to M. de Fontenelle ©, 
is a moſt wonderful Laboratory. There it is 
that this precious Extract, which we call ani- 
mal Spirits, is drawn off from the Blood. 
The animal Spirits are very ſubtle Corpulcles, 
ſeparated from the Blood, or prepared by an in- 
finity of Strainers, and of a fincneſs and deli- 
cateneſs almoſt infinite. Theſe Spirits being 
ſeparated, or formed in the Labyrinths of the 
Brain, inſinuate themſelves into the impercep- 
tible Tubes of the Nerves, whoſe origin is in 
the Cerebellum, or in the Brain it ſelf, pene- 
trate them as the Juice penetrates the Fibres 
of the hardeſt Trees, fill, (well and extend 
them. I the other Extremity of the Nerves 
ſtruck by external Objects? The Impreſſion 
paſſes through the extended Nerves to that ex- 
tremity in the Brain where the Soul is ſeated. 
The Soul being informed by this Impreſſion, 
according to the Laws of its union with the 
Body, perceiyes ſenſible Objects; and this is 
Senſation. 

Should the Soul be willing to move any 
part of the Body? The animal Spirits flow ra- 
pidly through the Nerves into the Muſcles at- 


* Hiſt. de Acad. 1707, p. 16. 
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tached tothis part, fill and ſwell them, and by 
ſwelling ſhorten them, and force them by their 
being ſhortened to draw that part to which 
they arc faſtened. The Spirits produce theſe 
Effects, according to the general Principle of 
Mechanicks, by overcoming the exceſs of the 
Maſs which reſiſts them, by an exceſs of ſwift- 
neſs; much after the ſame manner as the 
breath which is made to cnter ſmall Pipes that 
have Bladders faſtened to them, blows up the 
Bladders, and puts them into a condition of 
bearing up the heavieſt Weights ; and this is 
the moving of the Body. 
Whilſt the Blood is diffuſed into the Fleſh, 
the Subſtance of the Body, and even the Bones 
themſelves, it thruſts, carries, and leaves in 
the Interſtices a great quantity of Particles, 
which aſſume the Configuration of thoſe to 
which they are annexed ; and this is Nutrition, 
The Blood, which is not changed into the 
Subſtance of the Body by Nutrition, and 
which continually yields to the Impulſion of 
the Heart and Arteries, is taken up again by 
the capillary Veins which terminate in ſuch as 
are larger, and carried back from the Arms by 
the Axillar and Subclavian Veins ; from the 
Head by the Jugulars, into the Vena cava de 
ſcendens, which empties it into the rightVentri- 
cle of the Heart; from the Legs and Thighs, 
by the crural Veins; and from the Flanks, Mc- 
ſentery, &c. by the Iliack Veins, and the Vena 
porta, into the Vena cava aſcendens, which 
I returns 
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returns it into the ſame Ventricle. The Veins 
carry it thither the more eaſily, becauſe their 
Valves hinder it from running back. The 
Contraction of the right Ventricle throws it 
into the Pulmonary Artery, which diſtributes 
it into the Lungs, the Organ of Reſpiration 3 
where, by Reſpiration it throws out the en- 
cloſed Air, in order to take in ſome freſh Air 
for the cooling it. 

The Blood, which iſſues out of the right Ven- 
tricle, after Fermentation, all hot and ſmoak- 
ing, dilates the Veſſels of the Lungs, ſtraitens 
them, unfolds them, and by that means opens 
their Veſicles. The dilatation of the Cheſt, 
which is extended by the Action of its Muſ- 
cles, being inflated by the arrival of the ani- 
mal Spirits, which the Blood that is pro- 
truded in the Syſtole drives into the Muſcles, 
contributes to dilate the Lungs. In propor- 
tion as the Breaſt is extended, the Air which 
finds a free entrance by the Wind-pipe en- 
ters the Veſicles ; but the Fibres of the Lungs 
being in a ſhort time contracted by their 
Spring, the Lungs are compreſſed, the Dia- 
phragm at firſt extended is alſo contracted by 
its Spring, and contributes to the cloſing up 
the Veſicles. The Breaſt does the fame 
thing in ſubſiding and recovering its natural 


State; and theſe alternate Motions are Re- 
ſpiration. 
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Reſpiration * contains in it two Motions, 
namely Inſpiration and Expiration. Inſpira- 
tion is that Motion which makes the Air enter 
by the Branches of the tracheal Artery into 
the Lungs which are dilated. Expiration is 
that Motion, which makes the Air iſſue out 
the ſame way when the Lungs are cloſed. In 
Inſpiration the Veſicles of the Lobes are filled 
with Air; theſe ſmall Cells are interwove 
with ſmall capillary Branches of the pulmonary 
Artery and Vein. When 


* From the Structure of the Lungs, the learned Pitcairn has 
mechanically deduced the great Effect they by means of the Air 
produce upon the Blood. For whilſt the Fetus is in the Womb, 
the Veſicles of the Lungs lying flat upon one another, compreſs 
all rhe Capillary Blood - Veſſels which are ſpread upon them: But 
as ſoon as we areborn, the Air, by the Dilatation of the Thorax, 
is thruſt into the Branches of the Trachea Arteria, and blows up 
the Veſicles into the Spheres ; by which means the Compreſſion 
being taken off from the Blood-Veſſels, and they equally ex- 
panded with the Lungs, all the Blood has a free Paſſage through 
the Pulmonary Artery. But when the Air is thruſt out again 
by the Contraction of the Cavity of the Thorax, it being a fluid 
Body, compreſſes the Velicles and Blood-Veſſels upon them every 
where equally. By this Compreſſion, the red Globules of the 
Blood, which, through their languid Motion in the Veins, were 
grown too big to circulate in the fine Capillary Veſſels, are 
broken and divided again in the Serum, and the Blood made fit 
for Nutrition and Secretion, This Preſſure of the Air upon the 
Blood-Veſlels, may be demonſtrated equal to 100 Pound Weight, 
and in Coughing or Crying it may exceed 400 Pound. 

But though theſe are neceſſary Conſequences of Reſpiration, 
yet ſeveral Experiments incline me to think, that ſome Particles 
of the Air muſt likewiſe enter the Blood-Veſſels, and mix with 
the Blood in the Lungs. For firſt, Iam aſſured, from repeated 
Experiments, that Air will eſcape through the Pores of any 
Number of Bladders, when compreſſed only by the Weight of 
the Water into which it is ſunk ; and therefore rhe Preſſure of 
100 Pound weight in ordinary Reſpiration, muſt thruſt ſome 
Particles of it into the Blood-Veſſels. Secondly, the Honourable 
Mr. Boyle, in his new Pneumatical Experiments, ſhews us, _ 
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When theſe Receptacles are cloſed in Ex- 
piration, the porous Tunick of the ſmall 
Branches receives the freſh Air, which the 
Compreſlion forces through a thouſand and a 
thouſand minute Pores, and inſinuates it into 
the Blood ; when in order to make place for 
this freſh Air, there iſſues out of the Veſlels by 
Paſſages diſpoſed in a contrary manner much 
about the ſame quantity of Air that is ren- 
dered uſeleſs by the Circulation; otherwiſe 


Animals cannot live when ſhut up in common Air, though by a 
Gage, he has found it to retain its wonted Preſſure, and though 
the Receiver has been immerſed in Water, cooled with a Solution 
of Sal- Armoniack. The fame Experiments aſſure us, That An- 
mals will live longer ſhut up in compreſled Air, than in com- 
mon Air ; and that when they are dying in the common Air, 
they may be revived by preſſing in more freſh Air. What 
Mr. Boyle ſays, I have likewiſe experienced to be true, with this 
difference, that as the Animal ſhut up in uncompreſſed Air grew 
weak, ſo the Mercury in the Barometer (which was uſed tor a 
Gage) ſunk ; and when the Animal died, it had fallen one third 
of an Inch, and therefore it is plain, that the Preſſure or Elaſti- 
city of the Air wasdiminiſhed by the Animal; and when the A- 
nimal was dead, the Air by degrees recover'd its former Preſſure, 
and raiſed the Mercury to the fame Height as before; though I 
am ſure there was no Communication with the external Air, 
having tried the Experiment more than once. What other Ac- 
count can be given of this, but that the Animal did ſuck in ſome 
of the Elaſtick Particles of the Air, which when dead wereemit- 
ted again ? All which, I think, do ſufficiently prove, that the 
Air does mix with theBlood in the Lungs. Laſtly, it may be 
demonſtrated, That the Difference between the Gravity of the 
Air in the City, and that of the Country, (which can be but 
very ſmall upon the account of the Effluvia, as the Barometer 
ſhews it to be) can never be the Cauſe of that difficulty of 
breathing which ſome have in the one, and not in the other ; 
for they are not ſo ſenſible of the different Gravities of the Air 
in the ſame Place, as they are of a much ſmaller difference in 
two diſtinct and remote Places, where the Contents of the Air 
are different. Keil Anat, p. 160. | 
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the Body would be inflated. The Air which' 
comes out of the Blood- Veſlels, together with | 
that which has not paſt into the Blood, carries 
off Fumes and Exhalations capable of tarniſh- 
ing and blackening a Glaſs, and forms the 

Voice by iſſuing out of the tracheal Artery 
through the Larynx. The Air being received 
into the Blood, cools it, gives it a moderate 
Fluidity, and diſpoſes it to ferment again in 
the left Ventricle, into which the pulmonary 
Vein conveys it. 

Ariſt. We muſt now, Eudoxus, conſider 
how the Blood, which has paſs'd by Nutrition 
into the very Subſtance of the Body, is again 
repaired. 

Eudox. That's what we are now going to 
enquire into. It ſeems to have provided itſelf 
for its own Reparation. The Acids which 
arc depoſited in the Glands of the Stomach, 
and which find nothing in the Stomach when 
empty, act freely upon the upper Orifice of 
this Viſcus, and vellicatc it. The Impreſſion 
paſſes to the Soul by the Nerves. Thence 
ariſcs that Senſation in the Soul, which they 
call Hunger. The Throat being dry, the 
Acids of the Ocfophagus irritate it after the 
ſame manner. Thence ariſes likewiſe in the 
Soul that Senſation which is called THirſt. 
Thirſt and Hunger admoniſh the Soul to repair 
the Blood. The Soul agitates the Muſcles by 
means of the Animal Spirits depoſited in the 
Drain. The Hands being lifted up by the * 

flatec 
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flated Muſcles, carry Nouriſhment to the 
Mouth. The Tecth bruiſe and chew'it. When 
the lower Jaw is ſeparated from the other, the 
Parotides or Glands, which the Blood fills 
with Saliva, are lengthened ; their Capacity 
is diminiſhed; the Saliva is forced into the 
Mouth by the two ſalivary Ducts, moiſtens 
the Food, and helps Maſtication. 

After that the Motion of the Tongue, which 
is turned backward, and the Preſſure of the 
external Air, make the Aliment fall into the 
Ocſophagus, which alſo moiſtens them by the 
Acids expreſs'd out of its Glands, and thruſts 
them into the Stomach by a vermicular Mo- 
tion that paſſes from above downward. Their 
own weight helps to carry them thither. Then 
the acid Juice, which cauſed the Hunger, turns 
its Action upon the Aliments, penetrates, in- 
cides, divides, and digeſts them with the 
aſſiſtance of the Heat and the internal Air, 
which being dilated by the Heat, breaks the 
ſmall Priſons in which it is confin'd ; fo that 
the Aliments no longer appear but as a kind 
of grayiſh Liquor. The Plexus of Fibres cir- 
cular and concentrick, wherewith the Bottom 
of the Stomach is covered, being contracted 
by the Efficacy of their Spring after they have 
been extended by the weight of the Aliments, 
raiſe up the bottom of the Stomach by render- 
ing it flat, and making the Aliments approach 
the Pylorus. The Diaphragm, which is ex- 


tended in the Dilatation of the Lungs, preſles, 
N 4 Contracts 
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contracts the Stomach, and contributes towards 
carrying the Aliments into the Pylorus. The 
gray iſn Juice is forced to paſs out by the Py- 
lorus, and enter into the ſmall Guts. There, 
two other Diſſolvents, namely the Bile and 
pancreatick Juice, being brought by the Ductus 
Cholidocus and Pancreaticus, ſufficiently com- 
minute and liquify the Aliments. That which 
is moſt broken and liquified, is a white and 
oily Juice, ſweet, and very like Milk ; and 
this is what is called CHyle. 

While the moſt groſs and uſcleſs Part is 
thruſt toward the Extremity of the Rectum by 
the Extenſion of the Lungs and Diaphragm, 
and by the periſtaltique or vermicular Motion 
of the Inteſtines, the Chyle is thruſt by the 
ſame force into the Orifices of the Lacteal 
Veins of the firſt Order, which terminate in 
the Glands of the Meſentery. The preſſure of 
the Air, the very moment that the Diaphragm 
is elevated, may force ſome Chyle to enter 
into theſe ſmall Veins. Thence the Lacteal 
Veins of the ſecond Order carry it into the 
Receptacle of Pecquet, whence it aſcends, be- 
ing thruſt forward by the ſame force into the 
left Subclavian Vein thro' the Thoracick Duct, 
by means of the Valves diſpoſed in ſuch a 
manner as to ſuffer its aſcent without permit- 
ting it to run back. 

In a word, 1. If we examine the Entrails of 


a Dog yet alive, and compreſs them, we ſhall - 


jee. the Chyle flow immediately from the 
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Lacteal Veins into its Receptacle, and from 
the Receptacle into the left Subclavian Vein 
by the Thoracick Duct. 

2. Lower having opened the Cheſt of a 
Dog between the two lower Ribs and the Re- 
ceptacle, ſaw the Chyle run out of the Re- 
ceptacle without aſcending into the Duct. He 
cloſed up the Wound, and gave the Animal 
ſomething to eat. The Dog dying ſome days 
after, Lower diſſected him, and found the 
Lacteal Veins full, the Receptacle and the Duct 
empty, and two Pounds of Chyle diſperſed 
about x. Could he have found the Lacteal 
Veins full, and ſo much Chyle diffuſed, or 
would the Dog have died, if the Chyle had 
had any other Courſe? The Subclavian Vein 
carries it into the Yena cava deſcendens, or 
ſuperior, which empties it into the right Ca- 
vity of the Heart ; and this is the Motion of 
the Chyle. | 

In the right Ventricle of the Heart, the 
Chyle ferments with the Blood, is ſubtilized, 
and begins principally to be changed into 
Blood. Thence it is diſtributed into the Lungs 
whth the Blood, ferments, is attenuated, and 
brought to perfection in the left Ventricle. 
Finally, by virtue of its circulating and fer- 
menting with the Blood, and its being atte- 
nuated and brought to perfection, it acquires 
the Properties of Blood; and this is Sangui- 
fication. 

If 


* Tauvry, p. 48. 
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If this Blood carries Animal Spirits to the- 
Brain capable of agitating its Fibres ſtrongly, 
and of retaining the Nerves extended, and 
continually diſpoſed to receive the Impreſſions 
of external Objects, ſtrong Impreſſions paſs to 
the Seat of the Soul; the Soul perccives ex. 
ternal Objects livelily and diſtinctly; and this 
is Watching. 

Should the Blood furniſh the Brain only, 
with a Liquor too groſs to be filtred in the 
Nerves; or only with Animal Spirits in too 
ſmall a quantity, too fine, and too feeble to 
cauſe ſtrong Agitations in the Brain itſelf? 
The Organs are relaxed, and not in a diſpo- 
ſition to make lively Impreſſions pals calily to 


been. pleaſed to appoint that they ſhould pals, 
for producing Senſations in the Soul; the 
Soul no longer perccives external Objects; 
and this is Heep. 
When the Blood depoſites heterogeneous 
Liquors, which it carries along with it in di- 
vers Places without any impediment ; when it 
carries Nouriſhment all over freely, and with- 
out an exceſſive Fermentation, which might 
cauſe any Diſorder in the Organs; this is 
Health. 
But if any Obſtacle hinders the Blood from 
diſcharging itſelf of thoſe Liquors which ac- 
company it ; or if any Veſſels being obſtructed, 
retard the Circulation, there happen violentFer- 
mentations; the Fibres of the Organs are diſ- 
ordered; 


* 
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ordered; the Soul is advertiſed of it by a ſenſe 
of Pain; and this is Szckneſs. 

Finally, ſhould the Blood ceaſe to circulate 
becauſe of any diſorder in the Organs of Cir- 
culation, or elſe through want of Air or Heat; 
the Organs of Senſation can no longer be ſup- 
plied with a ſufficiency of Animal Spirits for 
performing their Functions; the Soul can no 
longer perceive ſenſible Objects, but falls into 
the Sleep of Death. 

Ariſt. I conceive, Eudoxus, how the Blood 
is repaired ; I comprehend both Chylification 
and Sanguification, to uſe the Terms of Art. 
But you ſuppoſe that the Digeſtion is not per- 
formed by the Heat of the Stomach alone, 
nor by Trituration only. _ 

Eudox. 1. Digeſtion * is not performed by 
the ſole Heat of the Stomach: For, 1. Bones 

are 


* Digeſtion is the Diſſolution or Separation of the Aliments 
into ach minute parts, as are fit to enter our lacteal Veſſels, and 
circulate with the Maſs of Blood : or it is the fimple breaking of 
the Coheſion of all the little Molecule, which compoſe the Sub- 
ſtances we feed upon. Now the principal Agents employed in 
this Action, are, firſt, the Saliva, the Succus of theGlands in the 
Stomach, and the Liquors we drink, whoſe chief Property isto 
ſoften the Aliments, as they are Fluids, which eaſily enter the 
Pores of moſt Bodies, and ſwelling them, break their moſt 
intimate Coheſions. And how prodigious a force Fluids acting 
in ſuch a manner have, we may learn from the Force that Wa- 
ter, with which a Rope is wetted, has to raiſe a Weight faſtned 
to, and ſuſtain d at one end of it: and this Force is much aug- 
mented by the Impetus which the Heat of the Stomach gives to 
the Particles of the Fluid. Nor does this Heat promote Di- 
geſtion only thus, but likewiſe by rarifying the Air contained 
in the Pores of our Food, which burſts its parts aſunder. And 


therefore ſuch Liquors as are moſt fluid, or whoſe woe 
ve 


* 
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are digeſted in three Hours in the Stomach of a 
Dog, and boiling Water, whoſe Heat is much 
greater, cannot diſſolve them in the ſame ſpace 
of Time. 2. The Pike has no ſenſible Heat, 
and yet it ſwallows down and digeſts Carps. 
2. Digeſtion is not preciſely performed by 


have the leaſt Viſcidity, are moſt proper for Digeſtion, becauſe 
they can the moſt eaſily infinuate themſelves into the Pores of our 
Aliments: and of all others, Water ſeems the fitteſt for this Uſe; 
for though ſome ſpirituous Liquors may as eaſily penetrate the 
Subſtances we feed upon, yet they have another Property, 
by which they hurt rather than help Digeſtion, and that is, their 
Particles have a ſtrong attractive Force, by which when imbi- 
bed into the Subſtance of our Victuals, they draw their Part; 
nearer to one another, contract and harden, inſtead of {ſwelling 
and diſſolving them? It is by this Property that they preſerve Ani- 
mal Vegetable Subſtances from corrupting ; not but that we 
find they ſometimes help Digeſtion, yet not by diſſolving the 
Aliments, bur as they irritate and excite the Coats of the Stomach 
to a ſtronger Contraction ; and therefore when they are duly dilu- 
ted, they may not be only uſeful, but requiſite. But certainly 
ſtrong Liquors alone are moſt unfit for Digeſtion, eſpecially ſuch 
as are likewiſe viſcid ; and what ſad Effects they have upon the 
Stomach itſelf, they are truly ſenſible, who, by a long uſe of 
them have loſt their Appetite, hardly to be reſtored without 
the drinking of Waters, which ſeldom fail of procuring a good 
Appetite and itrong Digeſtion. When the Aliments are thus pre- 
pared, their parts are ſoon ſeparated from one another, and dif- 
ſolved into a Fluid with the Liquors in the Stomach, by the 
continual Motion of its ſides, whoſe abſolute Power is, by that 
great Improver of the true Theory of Phy/ick, the Learned Pit- 
cairn, demonſtrated to be equal to the Preſſure of 117088 
Pound weight. To which if we add the abſolute Force of the 
Diaphragm, and Muſcles of the Abdomen, which likewiſe con- 
duce to Digeſtion, the Sum will amount to 250734 Pound 
weight. Theſe two Actions we ſee more clearly in Birds, be- 
caute they are performed in two Stomachs. In the firſt, the 
Corn is only {well'd and ſoftned by the Liquor of its Glands, but 
broken and diſſolved in the ſecond, which is compos'd of very 
ſtrong Muſcles, becauſe thoſe of the Abdomen and Diaphragm 


are weak, neither do they act upon the Stomach as in Men, 
Keil's Anat. p. 42. 


Trituration 
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Trituration or Searcing, which breaks and at- 

tenuates the Parts of the Aliment by rubbing 

them againſt one another, continued at ſeveral 

times for a conſiderable while. For, 1. The 

Stomach of certain Animals digeſts Bones. 

Could the Motion of the Stomach, which is 
only a Contexture of ſoft Membranes, be ca- 

pable of comminuting them at this rate? 2. The 
Digeſtion is compleated in the Duodenum and 
other ſmall Guts, which are a continuation of 
the Stomach ; why then ſhould it only be per- 
formed in the Stomach by Searcing and Tritu- 
ration? 3. Sometimes we find in the Oeſo- 
phagus of a Cormorant, Fiſhes half digeſted !. 
There was never any Trituration in that part. 
4. The Crocodile digeſts Flints, as Father Plu- 
mier has obſerved ; could Trituration be ſufh- 
cient to digeſt them? 5. In the Stomach of 
a great Fiſh diſſected in the King's Library, the 
24th of June 1667, they found a Fiſh five 
Inches long, without Head, Scales, Skin, or 
Entrails, and having nothing beſide the muſ- 
culous Fleſh, Did Trituration alone diſſipate 
the Scales, and the internal Parts, before it 
diſſolved the Fleſh and external Parts? Finally, 
the Mouth, Oeſophagus, and Stomach are be- 
ſtrewed with Glands. Can ſo many Sources 
of acid Liquors be uſeleſs? It is therefore na- 
tural to think, that Digeſtion is performed by 
Diflolution ; and not by Heat or Trituration 
| alone. 
? Hiſt. de “Acad. 1719. p. 37. 
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alone. The Hypotheſis of Trituration is an 
ingenious Subtlety. | 
Ariſt. But whence proceeds the Mechaniſm 
of our Body ? 
Eudox. We come, as the Birds do, from 
an Embryo, at once deſcribed and formed in 
an Egg by the hands of divine Wiſdom. Could 
I know not what blind Chance find out the 
Art of producing in the Mother's Womb a 
Body of ſo ingenious a Structure, that all the 
Wit of Man after a thouſand and a thouſand 
Obſervations can neither imitate nor com. 
prehend? Thus Anatomy pretends that theſe 
Embryo's and Eggs have been ſeen before they 
were unfolded v. Some of them have been 
ſeen when unfolded, and in that place where 
Nature hath put them as in a Reſerve, and in 
Paſſages which carried them thence into the 
Matrix, where they ſhoot out a ſort of ſmall 
Roots. Theſe Roots fix them to the Mem- 
brane that encloſes them, and receive from 
the Subſtance of the Mother ſubtile Blood, or 
fine 2 which do not enter by the Mouth 
of the Embryo; for the Fætus never reſpires, 
ſince the Lungs of an Infant dead in its Mo- 
ther's Womb are not in the leaſt inflated in an 
Air- pump, neither do they float“; but by the 
Navel of the Embryo give it proper Nouriſh- 

ment for unfolding it. 
Ariſt. 


= Kerkringii Obſerv. Anatomicæ. Journ, des Scav. 167 2. p. 64: 
n Journ. des Scav. 1672. p. 64. 


Berg. Jour. des Sgav, 1703. p. 136, 
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Ariſt. By the help of that Light which you 
have given me, Eudoxus, I think I know my- 
ſelf a little, and find myſelf capable of explain- 
ing my Sentiments concerning the Mechaniſm 
of the Body. 

Eudox. Well then, when I * the ho- 
nour of ſeeing you again, we will propoſe to 
one another ſome Problems in Anatomy. 


Con- 
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CONVERSATION X. 


— — aw, 1 A 


Wherein divers Problems of ANaTowy 
are explained. 


Aa 


Ariſt. BET length, Eudoxus, I think 
| wag myſclt capable of reſolving 
MAYS ® ſome Problems of Anatomy. 
We will propoſe ſome to one 
another reciprocally, and ſo divert ourſelves 
with Problems. Thoſe Diverſions whereby 
we acquire the Knowledge of ourlelves, are 
not unworthy a Philoſopher. 
Endox. Let us begin with the 3 of 
Digeſtion, and follow the Courſe of the Chyle 
and the Blood. Shall J ask you, in the firſt 
place, why thoſe Teeth, which are called the 
Grinders, are moſt effectual for Maſtication ? 
Ariſt. That is, becauſe being neareſt to a 
fix d Point, they have the advantage of the ſe- 
cond Species of Leaver?, A ſharp Knife cuts 
Bread beſt nigh the Hatt. 


A os 


But 
Þ Conyerſ. 7. Vol. I 


| 
Z 
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But how do the chewed Aliments deſcend 
into the Oeſophagus and Stomach, without 
falling into the Trachea by the Larynx ? 

Eudox. The Tongue helps the Action of 
Swallowing, when it turns upward and moves 
backward ; whence it is that the Root of the 
Tongue preſſes the Epiglottis. The Epiglot- 
tis, which is naturally lifted up by its Spring 
for letting the Air enter into the Trachea, 
ſinks under the preſſure of the Tongue, and 
the weight of the Aliments, and prevents their 
entering into it, by ſhutting the Larynx*?, 

The Nouriſhment, when deſcended into the 


stomach, is ordinarily more ſlowly digeſted in 


old Men than in young. 

Ariſt. In old Men the Filtres or ſecretory 
Veſlels being enlarged by long uſe, ſuffer ſome 
groſs Juice to paſs through into the Glands, 
which envelop the Acids, blunt them, and 
hinder their inciding the Nouriſhment. Thence 
it comes to paſs, that commonly old Men mak 
uſe of more Salt than young ones. 8 

Eudox. In both the one and the other, Di- 
geſtion is ſlower in Summer than Winter. 

Ariſt. The reaſon is, becauſe. in Summer 
the Pores and Paſſages being more opened 
by the Heat, let Acids, which are too 
groſs, paſs into the Glands of the Oeſopha- 


gus and Stomach, or ſome viſcous Liquors 


which render them ineffectual; while a great 
Quantity of Acids ſufficiently prepared, pals 


4 Hiſt. de PAcad, 1719, p. 27. 
Vor, II. O off 
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off with the Sweat in Tranſpiration. And in- 
deed Sweat is ſaltiſn. 

Eudox. We ſee the reaſon directly why 
they give ſick Perſons only ſuch Nouriſhment 
as is eaſy to digeſt, 

Ariſt. The Heat of the Diſtemper diſſipates 
the Acids, or renders them too delicate, and 
by that mcans too weak for digeſting the 
Nouriſhment that is more ſolid, and for con- 
verting it into Chyle. 

Eudox. Will you believe, Ariſtus, that 
the Chyle hath nouriſhed in Animals, and in 
Men themſelves, Worms of 50, 179, and 
1980 Inches long *? This kind of Worm is 
never met with upon the Earth. It is called 
Tenia, becauſe it is Jong and flat like a Ribbon; 
it is articulated thro its whole length by Rings 
regularly ſet into one another. 

Ariſt. Muſt not the Egg of the Tenia be at. 
tached by chance to the Seed of ſome Ani- 
mals, or rather muſt it not be carried by 
chance along with the Aliments into the Sto- 
mach or Entrails; where it may unfold itſelf 
after fo ſtrange a manner according to the dif- 
ferent Quality of the digeſted Aliment or 
Chyle? 

Eudox. However that be, by what means 
do you make the Chyle aſcend by the thoracick 
Duct into the left Subclavian Vein, notwith- 
ſtanding the Valves of this Duct, and the ſmall 
Valve where it terminates in this Vein? 

Arift. 
F Hiſt. de Acad. 1709. p. 29, 32, 
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Ariſt. That is, becauſe they are ſo many 
ſmall Valves, diſpoſed in ſuch a manner as 
to open when the Chyle preſents itſelf in or- 
der to paſs to the Heart, and there to be 
changed into Blood by virtue of the Circula- 
tion. 

Eudox. The Reſpiration is of great ſervice 
to the Circulation of the Blood. 

Ariſt. The Blood is a Liquor fat and oily, 
which ferments in the Heart, always hot, and 
always kept in a certain Fermentation by the 
mixture of heterogeneous. Liquors, which it 
carries along with it. 

It muſt therefore be continually cooled 
again, otherwiſe the exceſſive Dilatation 
would break the Veſlels, and the extravaſated 
Blood ceaſing to circulate, would alſo ceaſe to 
carry Life into the ſeveral Parts of the Body. 
The Coolneſs of the Air which we breathe, 
temperates the Heat, and maintains an Equili- 
brium in the Blood and Veſſels, and by that 
means preſeryes Life. Beſides, if the Air did 
not in ſinuate by Reſpiration into the Lobes 
of the Lungs, they would be retained by their 
Spring in a ſtate of Contraction. Their Ve- 
ſicles would not be ſufficiently extended. The 
external Air not being able to circulate, would 
oppoſe their Dilatation; the Blood would not 
find free paſſage enough in the Labyrinths of 
the Lungs; the Circulation would be inter- 
rupted, and the Life finiſh with it. 


O 2 Eudox. 
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Eudox. Let us put a little Sparrow into 
the Receiver of an Air-pump upon a moveable 
| Copper-plate. Shut up the Paſſage of Com. 
| munication. When we have pumped out 
the internal Air, the external Air will hold Fi 
the Copper- plate faſtened to the Cryſtal Veſlel, 


— — — ä —„— —i. 6 WR a — 


You may tranſport both the Veſſel and the lit- yy 
tle Bird into the Veſſel emptied of Air. Pumy WH 
the Air; the little Bird ſwells, and in vain in 


ſtruggles againſt Death ; by and by it expires. Ble 
Ariſt. On one hand, the Rarefaction of the ga 
Blood and Air, wherewith the Body of the 
Animal is impregnated, breaks the Fibres, the iſ 
Veſſels; and the Blood is extrayaſated. On 11 
the other hand, the Air which filled the Ve. 
ſicles of the Lungs iſſues out: Thus a Gud- 
geon thrown into Water, after it has been iſ 
in an Air-pump, falls to the bottom. Not tn 
withſtanding the Rarefaction of the Blood and 
Air contained in the Veſlels and Fleſh, the 
Lungs, whoſe Veſicles are emptied of Air, b. © 
ing contracted by their Spring, ſhrink and ſtop il 


the Paſſage of the Blood; the Blood is ſtayed (AW _ 
in its courſe, loſcs its Heat, and can furniſh i pi 
no more Animal Spirits. The little Sparrow ft 
expires, and its Death is accompanied with 1 BF A 
mixture of Applauſe and Regret. m2 

Eudox. Do you know what cauſes the WW ++ 
Death of Perſons who are drowned? W 1» 

Ariſt. Becauſe Men cannot reſpire in the p 
Water. 


Eudox. 
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Enudox. Indeed drowned Perſons have no 
Water, or very little in their Lungs. M. 
Littre drowned ſome Dogs, which ſwallowed 
no Water at all; it is therefore for want of 
Air that one dies in the Water. Nevertheleſs 


- Fiſhers of Pearls, and ſome famous Divers re- 
5 main a conſiderable time under Water. 

l Ariſt. That is probably, becauſe the Fora- 
k men Ovale, and the Canal of Communication 


not being cloſed up in theſe Perſons, the 
Blood circulates without penetrating the Sub- 
ſtance of the Lungs ; and becauſe the Water 
which ſurrounds them, cools them ſufficiently 
to prevent at leaſt for ſome time too exceſſive 
a Rarefaction in the Blood. 

Eudox. But why does the Fœtus die, when- 
ever the Mother ceaſes to breathe ? 

a Ariſt. Becauſe it receiving no more Air by 
che Circulation of the Mother's Blood, its 
own Blood alſo ceaſes to circulate. 

i Eudox. How may we know, whether a 
Child found dead was ſtill- born, or whether 
it loſt its Life after the Birth ? 

Ariſt. After this manner. You muſt put a 
piece of the Child's Lungs into Water. If it 
ſink to the bottom, the Veſicles contain no 
Air, and the Child has therefore never drawn 
Breath; for there always remains ſome Air in 
the Veſicles after Reſpiration ; and conſequent- 
ly the Child was dead before the Birth. If the 
piece of the Lungs float, the Velicles contain 

O 3 {ome 
f Hiſt. de VAcad, 1719. p. 26. 
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ſome Air, and therefore the Child has drawn 
breath. Conſequently. it loſt its Life after 
it was born. Indeed the Subſtance of the 
Lungs is more compact before the Birth, than 
after. 

You will now, Eudoxus, explain ſome Pro. 
blems in your turn. It is pretended, that 
Men whoſe Hearts are large with reſpect to 
the Body, are leſs couragious than thoſe who 
have ſmall ones. 

Eudox. Hearts, which are large with re- 
ſpect to the Body, being ſofter and more flac- 
cid, and having the Ventricles more extend- 
ed, the Heat therein is more diſſi pated and 
leſs communicated to the Blood. On the 
contrary, a ſmaller Heart is more ſolid and 
firm. It has Ventricles more ſtraight. The 
Heat in it is more concentred, and united; 
and the Blood receives more of it. For 
which reaſon it is, that the Spirits furniſhed 
by the Blood being more agitated, cauſe a 
greater Apitation in the Brain, and keep the 
Nerves more extended. The ſtronger Impreſ- 
ſions are made upon the Seat of the Soul, the 
Soul has livelier Senſations and Ideas; and ſuch 
Impreſſions, Senſations, and Ideas are naturally 
followed with Enterprizes more active, bold, 
and generous. 

Ariſt. I am no longer ſurprized that fo 
many Men of a ſhort Stature have been the 
great Men and Heroes of thcir Time. Butin 
'what part of the Brain do you place the Soul? 

It 
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It does not reſide probably in the Glandula 
pinealis, where M. Deſcartes placed it; for 
there have been Men ſeen, who have lived 
without this Gland, and in others it has been 
found filled with ſmall Stones. 

Eudox. I chuſe rather to place it with 
M. Vieuſſens in the oval Center. Probably 
the Scat of the Soul is in that part where 
the, Nerves terminate, ſo that the Soul may 
there receive the ſeveral Impreſſions coming 
from the external Senſes. Now it is very pro- 
bable that the Nerves terminate in the oval 
Center. This place appears to be a Plexus of 
ſmall and very delicate Veſſels, communicating 
wholly with one another by an infinite num- 
ber of others yet more delicate, which ariſe 
from their external Surface. The Blood of 
the Arteries is ſubtilized in the firſt of theſe, 
and in the ſecond becomes Animal Spirits. In 
this prodigious number of Veſſels and Filtres 
thoſe Motions are produced, which are im- 
mediately followed with Senſations and Ideas. 
The Impreſſions left there by theſe Motions, 
are the Traces whoſe Agitation brings to mind 
again the Ideas we have formerly had. Hence, 
Senſe, Motion, Watching, Sleep, Imagina- 
tion, Dreams, Ravings, and Memory. 

Ariſt. 1 ſee all that, I think, in its Principles. 
The Animal Spirits which are found in the 
Entry of the Nerves, run into them, and keep 
them extended, The Nerves being extcuded, 

O4 make 


* Hiſt. de “Acad. 1709. p. 11. 
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make the Impreſſions of ſenſible Objects paſs as 
far as the Seat of the Functions of the Mind. 
The Soul perceives them, and the Faculty ſhe 
has of perceiving them in that faſhion, is 
Senſe. Is the Soul willing to move the 
Body ? The Animal Spirits which run in 
the Nerves, cauſe the Muſcles to ſwell. The 
Muſcles being thus inflated, are ſhortened, 
and attract the Members; and this is the mo- 
ving of the Body. The ſtrong Impreſſions, 
which the agitation of the Spirits cauſes in the 
Traces of the Brain, are accompanyed with 
Senſations and Ideas diſtin and lively; this 
is Watching. If the Nerves are unbent, if 
the Spirits fail, if they are too fine, and too 
feeble for agitating the Traces, and reviving 
diſtinct and lively Ideas, it is Sleep. The for- 
tuitous Courſe of Spirits into divers Canals, 
and into ſeveral Tracts, without any depen- 
dence on the real Actiomof the external Senſes, 
brings to mind the Image of corporeal Things 
which one has ſeen, as of a Garden, a Flower, 
or a Friend; and this is Imagination. The 
caſual Courſe of the Animal Spirits ſometimes 
revives by chance, in the time of Sleep, lively 
Ideas, which the Soul aflembles together in 
any faſhion, through the want of others which 
might diſcover to her the Truth ; this. is 
Dreaming. If in Watching the ſmall Canals 
are too open, the Prints too weak, and alſo 
without a due conſiſtency 3 if the Spirits run 


into them in too great abundance, and with 
ſo 
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ſo great a Rapidity, that the Soul being ſtruck 
with too many Objects, or too briskly, has 
not time to diſtinguiſh, compare them, or ſee 
the different Faces of the Objects, ſhe affirms 
more than ſhe ſees, and paſſes a raſh Judgment; 
this is a Delirium. If only ſome Canals are 
ſtopped, if there are only ſome Idcas wanting 
to diſcern the Truth; or if certain Traces, 
too flexible, arc agitated too briskly, ſome 
Ideas will be too lively ; the want of ſome, 
and the exceſlive Vivacity of others will cauſe 
whimſical Judgments upon certain Matters, 
while in other Things the Judgment may be 
ſound. We ſhould be confuſed, but upon 
ſome certain Points. Finally the courſe of 
the Spirits recalls Ideas accompanyed with 
the knowledge of their return; and this is 
Memory. 

Eudox. Some Perſons have been known to 
loſe their Memory. A Child, eight Years 
old, who had learned Latin pretty well, for- 
got ſuddenly almoſt all he had learned, when 
the Heats in 1705 began. Some days of 
cooler Weather reſtored his Memory to him 
again. The return of the Heat made him loſe 
it a ſecond time ®. A young Man of faſhion 
loſt it wholly in a great Fever; he was at an 
abſolute loſs for Words, and was obliged to 
learn his Mother-Tongue over again“. One 
of my own Friends had the ſame fate, after a 
violent Fit of Sicknels. | Ariſt. 


» Hiſt. de “Acad. 1705. p. 58. 
w Ibid. 1711. p. 27. 1 N 
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Ariſt. If the return of Ideas, and conſe. 
quently the Memory, depends upon the Trace; 
of the Brain, is it any thing ſurprizing that we 
ſhould loſe it? The violence of the Heat or 
the Sickneſs, may naturally cauſe a diſorder in 
the Subſtance of the Brain, cauſe Obſtructions 
in the ſmall Canals, and Fibres, and by that 
means hinder the Spirits circulating therein, 
It may change the Traces, give them a new 
turn, and efface them; and then the Ideas 
which were in a manner attached to them, 
are loſt to the Soul. | 

But after all, Eudoxus, is it altogether cet. 


| tain that the Brain of Man has the uſes which 


are aſcribed to it, and that it is the Organ of 


Senſe, Imagination and Memory? M. Fauve, 
a Chirurgeon, preſented to the Royal Academy 
of Sciences, a Foetus born at the full time, 


which had lived twoHours without eitherBrain, 
Cerebellum, or Spinal Marrow, and given ſome 
ſigns of Senſation the very moment that a drop 


of Water was poured upon its Head *. M. Rou- 
art opened an Infant, which had lived fix 
Hours with very feeble Motions, without I 
either Brain, or Cerebellum, and the Medulla 
Spinalis began only at the third Vertebra of 


the Neck. 


Eudox. Some Signs of Senſation, and very 


weak Motions, without either Brain or Cere- 
bellum, ſuppoſing the Facts to be real, are not 
. Proofs 


* Hiſt. de “Acad. 1711. p. 26. 
Y Ibid. 1713. p. 21. 
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Proofs ſufficient to deſtroy the Uſes aſſigned 
; to the Brain with ſo much reaſon. In the 
; Foetus the Blood may ſpread and circulate in- 
: WY dependent of the Brain, eſpecially being driven 
1 forward by that of the Mother. And may not 
$ this Motion be continued for two Hours, nay 
t for ſix, without the Mother's Womb? Some 
drops of cold Water poured upon the Head 
. of the firſt Infant, might cool the Blood all at 
5 once, ſtay its Courſe in ſome tender Fibres, 
make them ſhrink, and by that means produce 
ſome external Motions, which might be 
miſtaken for Signs of Senſation. Might not 
the mere Agitation of the Blood, or the natu- 
ral Heat preſerved for ſome time, be the cauſe 
of thoſe feeble Motions in the ſecond ? 

Ariſt. The ſecond of theſe Infants had upon 
his Head the form of an Ox's Kidney, becauſe 
its Mother, when ſhe had been big three 
Months and an half, having a ſtrong deſire to 
buy the Kidney of an Ox, had put her Hand 
to her Head. I know a young Woman of 
faſhion who has but one Hand, becauſe her 
Mother had taken a pleaſure while with Child, 
in looking upon a Picture of an handſome Per- 
ſon, one of whoſe Hands did not appear at 
all; and I have ſeen a young Man who could 
not forbear making inceſſantly the Grimaces of 
a Dancer, becauſe a Dancer had made the like 
in his Mother's preſence, while ſhe was big 
with him. How can the Object of the Mo- 
ther's Paſſion be impreſſed on the Body of the 

| Fœtus? 


e 
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Foetus? How can the Fœtus receive the Im- Ce 
preſſions from its Mother ? ; | pre 
Eudox. There are Nerves that ariſe out of | yo 
the Subſtance of the Brain, and are ſpread by lig 


their Ramifications into all the Parts of the 
Womb, which immediately ſurround the Fee. 
tus, and which likewiſe communicate with the 
inner Parts of it by the Navel-String ; ſince the 
ſtrong Impreſſions, which are made in all theſe 
Parts, paſs as far as the Seat of the Soul, and 
the Soul is made ſenſible of them. This being 
granted, according to the Laws of Union be- 
tween the Soul and Body, violent Paſlions 
make Impreſſions upon the Animal Spirits, 
which ſometimes appear imprinted upon the 
Countenance, and in the Eyes. The Animal 
Spirits proceed by the Ramifications of the 
Nerves to carry ſuch kind of Impreſſions to 
the extremity of the Nerves, upon the Surface, 
and even into the inward Parts of the Foetus; 
and if at the ſame time the Mother put her 
hand upon any part of her Body, the Fibres 
whereof terminate in any part of the Body of 
the Foctus, that part of the Foetus will loſe 
its conſiſtency, and it will be more ſuſceptible 
of Impreſſions from the Spirits. Hence the 
Alterations conformable to the Objects of the 
Mother's Paſſions, which ſometimes repreſent 
to us, upon the Surface of the Body, a Kid- 
ney, ſometimes a Bunch of Grapes, or produce 
irregular Motions in the Body itſelf. This is 
my Sentiment upon this Head; I in no wile 

pretend 
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pretend to oblige you to fall in with it. But 
you will favour me with yours, and give ſome 
light into the Original of Diſeaſes. 

Ariſt. Is not the principal Origin of Diſeaſes, 
as M. Helvetius ſays, a four Chyle, ill- 
digeſted, crude and groſs? This ſour and 
groſs Juice, being diffuſed in the Veſſels, di- 
vides and leſſens thereby that pleaſant and 
regular Motion which is agrecable to the 
Blood ; the Blood, which continually ferments 
is cooled, ſlackens in its Motion, and revives 
again by Intervals; the Veſlcls dilate and con- 
tract alternately; and this is the Cold- Fit. 
Afterwards the Blood penetrates this groſs 
Chyle, divides and attenuates it ; the Fermen- 
tation is augmented; and this is the Hot- 
Fit. Finally, when the Blood has overcome 
the bad Chyle by virtue of its fermenting, the 
Fever ceaſes. If the febrile Matter be accu- 
mulated at the entry of the Glands, or in the 
lymphatick Veſſels, where the Motion is leſs 
than in the Arteries, and the Liquor which fol- 
lows drive it afreſh into the ſanguinary Veſſels, 
and into the Maſs of Blood, the Fever begins 
anew from the ſame cauſe; and this is called 
an Intermittent. If this Matter, which is 
ſtopped, run without interruption into the 
Blood; the exceſſive Fermentation is continual ; 
and this is a continued Fever. Should any 
Quantity of this Matter collected in the lym- 
phatick Veſſels, or in the Glands, paſs at laſt 
into the Blood already too much fermented, 
the 
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the Fermentation becomes more violent; and 
this is a Paroxyſm. When the Glands are 
choaked up, ſo that they do not filtrate the 
Liquors, the Liquors which run back corrupt 
the reſt, and render them leſs fit for Filtration; 
hence ariſe Obſtructions. The natural Fer- 
mentation of the Blood is changed; and if 
the Fermentation thus changed, be carried on 
with little violence, it is a lingring Fever. 
Sometimes the Blood meeting with Obſtruc- 
tions, or being in too great plenty, burſts the 
Veſſels, and is extravaſated. If it remains a 
long time in any part of the Body, it is cor- 
rupted; hence Abſceſſes and Gangrenes. If 
it ferment there in any exceſs, it is an Inflam- 
mation. Is the Inflammation in the Side? It 
is a Pleuriſy. Paleneſs, Weakneſs, and Loath- 

ing, are ordinary Symptoms of Diſeaſes. 
Eudox. Paleneſs proceeds from the Blood's 
being diminiſhed, or elſe not diffuſed abun- 
dantly, or briskly enough into the Fibres of 
the Surface of the Face, to give it a Colour. 
The want of Nouriſhment, or a bad Digeſtion, 
is the cauſe of the diminution of the Blood, 
and that of the Animal Spirits; and this again 
of the Weakneſs of the Body, which needs 
thcir aſſiſtance, in order to move itſelf. In 
this Weakneſs, the ill-digeſted Chyle ſpreads 
over the Organs of Taſte a bilious Humour, 
which is not eaſily filtrated through the Liver, 
and which blunts the Points of the Aliment; 
wherefore the Food appears inſipid. Hence 
| a 
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a Loathing, which admoniſhes the Soul, that 
the Body is neither in its natural Diſpoſition, 
nor in caſe to digeſt much ſolid Nouriſh. 
ment. You ſee no doubt, Ariſtus, upon theſe 
Principles we have laid down, whence pro- 
ceed thoſe Fainting-Fits into which ſome fall 
in a hor Air, or by drawing in certain ſtrong 
Odours. | 

Ariſt. They proceed from the Rarefaction 
of the Blood, ſince the external Parts are 
then inflated, as M. Helvetius hath re- 
marked *, and ſince a cool Air, or ſome Wa- 
ter, cures it entirely. The ſanguinary Veſlels 
being dilated by Rarefaction, cloſe the Paſſages 
of the Animal Spirits; the Nerves grow lack 
thro' want of Spirits: hence Swoonings. 
The cold Air or Water moderates the exceſ- 
ſive Heat of the Blood, and diminiſhes the Ra- 
refaction; the Paſſages of the Spirits are 
opened; the Spirits begin to flow again in the 
Nerves, and extend them. The Nerves be- 
ing extended, reſtore a Stability to the Body. 
Strong Impreflions are new made in the Brain; 
and thus Perſons recover out of a Swoon. 

Enudox. As for Sleep, Ariſtus, you know 
it ſo much the better, becauſe you ſleep bur 
little. 

Ariſt. Sleep is a Diſpoſition of the Body, 
which renders us incapable of perceiving ex- 
ternal Objects diſtinctly while it laſts. We 

fall 

* Hiſt. de I'Acad, 17 18. p. 21. Mem. p. 222. | 
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fall aſlecp, as we have already ſaid, through 
the want either of Animal Spirits or an agi— 
tation in them. Accordingly Fatigue Which 
exhauſts them, contributes to Sleep; and 
Opium which retards their Motion by the 
coldneſs of its Parts, produces the ſame effect: 
and if the Doſe be too ſtrong, one never 
awakes, becauſe it extinguiſhes the heat of 
the Blood, and in conſequence that of the 
Spirits. 

But why does Rocking make Infants ſleep? 

Eudox. Becauſe the alternate Motion of 
the Cradle carrying the Spirits with the Body, 
ſometirfles to the right, ſometimes to the left, 
and by that means mixing there the viſcous 
Humours that envelope them, hinders their 
Filtration, their flowing rapidly in the Veſlels, 
and agitating thoſe Traces to which thoſe 
lively Impreſſions are annexed, that produce 
Watching. 

Sleep oftentimes enſues upon a Meal. 

Ariſt. The Blood being thickened by the 
new Chyle, which is not yet ſufficiently 
digeſted, no longer furniſhes the Brain with 
Animal Spirits; or thoſe it does furniſh, arc 
too groſs to flow in the Organs of the Senſes. 
Beſides, inflating the Blood- Veſſels, it com- 
preſſes and cloſes the Filtres of the Spirits. 
No more lively Impreſſions are made. Hence 
proceeds Sleep. 


Fat 
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Fat Perſons are moſt ſubject to it. 

Eudox. That is, becauſe their Blood, which 
abounds in oily and groſs Parts, compreſles 

and cloſes up the Conduits of the Spirits ; 
or that being leſs agitated, ſince they have 
rcally ſometimes the Pulſe flower, it ſends to 
the Brain groſler Spirits, or in leſs quantity. 
Hence fat Perſons are liable to fall into an 
Apoplexy. The Apoplexy is a kind of Sleep 
cauſed by the ſuppreſſion of Spirits which are 
too grols, or which finding the Paſſages choaked 
up or ſtopped, cannot flow in the Organs of 
Senſe. 

The Fumes of Wine, Spirit of Wine, and 
certain Perfumes, make People likewiſe fall 
aſlecp, though they render the Parts of the 
Blood more divided and attenuated. | 

Ariſt. The Rarefaction which they . 
in the Blood, fills, ſwells, and enlarges the 
Blood-Veſſels. The Dilatation of theſe Veſſels 
preſſes and cloſes the Canals and Filtres of the 
Spirits. But if theſe Canals are not thereby 
cloſed, certain viſcous Humours carried into 
them by Fermentation ſtop them up. The 
Nerves are ſlackened through want of Spirits; 
the Seat of the Soul's Functions is no more 
agitated by external Objects; and this is 
Sleep. 


However a cool Air produces the ſame 
effect. 


Vor. IL P Eudox. 
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Eudox. That is, by moderating the Heat 
of the Blood, it diminiſhes the Motion and 
Quantity of the Spirits. 

But why does the agrecable murmur of a 
Rivulet cauſe a plealing Sleep: 

Ariſft. This ſoft Murmur is agreeable, and 
attracts the whole attention: The attentive 
Soul determines the Spirits to leave the Or- 
gans of the other Senſes to run toward the 
Organ of Hearing; the Uniformity of this 
agreeable Murmur, renders the Motion of the 
Spirits uniform, there are no Changes, nor 
varicty of Impreſſions. Hence this charming 
Sleep, ſo much celebrated by the Poets. 

But why, when one ſleeps ſitting, does the 
Head nod firſt on one ſide, and then on the 
other? And why does the Body ſink. 
Eudorx. Becauſe there are no Animal Spi- 
its, which keep the Nerves extended to give 


a due Firmneſs to the Members of the 


Body. 
But tell me, Ariſtus, whence proceeds the 
Efficacy of opening a Vein in lethargick Ma- 


ladies, that are accompanyed with exceflive 
Sleep! 


Ariſt. An exceſſive Quantity of Blood, 
which dilates the ſanguinary Veſſels, is the 
ordinary Cauſe of ſuch Maladies, by cloſing up 
the Canals of the Spirits ; and Bleeding leſſens 
this Exceſs of Blood. ; 


But 
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But will you explain to me, Eudoxus, why 
certain Animals, which have fattened them- 
ſelves in the Autumn, ſleep all Winter with 
out taking any freſh Nouriſhment? 

Eudox. Theſe Animals tranſpiring little, 
and that ſo much the leſs as the Cold ſhuts 
up the Poxes of their Skin, the Fat that paſſes 
from its Gellules into the Blood, is ſufficient 
for nouriſhing and tempering it a long time; 
and as it has little Heat, the Spirits are not 
agitated ic ciently to awake the Animals. 
But when the Heat of the Seaſon þegins to 
be felt, and the Fat being conſumed, the 
Blood becomes hottex and more agitated, 
the Spirits make forcible Impreſſions, and the 
Animals awake. Watching ſucceeds Sleep. 

Ariſe. The Animal Spirits, which iſſue ſuc- 
ceſſively out of the Blood, where they had 
got in by the Circulation 3 which are diſin- 
tangled. from .viſcous. Humours by means of 
the Agitation, and which are formed and 
brought, to perfection during Sleep, at laſt fill 
and extend the Nerves. Strong Impreſſions 
are made on the Brain, which paſs to the Soul, 
and ſo we awake. But after ſome time Sleep 
returns. 

Exdox. That is, becauſe the Spirits being 
diſſipated, While we are awake, and by the 
action of the Body, become defective again. 
Hence a part of Life is nothing elſe but an 
Image of Death, where Life itlelf muſt ter- 
minate. 


EY -: I 
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I do Hot ask you, whence proceeds the 
ſnapping of the Joints of the Fingers, when 
one pulls them. When one ſuddenly ſepa- 
rates the two bony Surfaces conſiderably large, 
which immediately touched one another, there 
is produced in the Air which runs betwixt 
thoſe Surfaces, and ſurrounds them, an haſty 
Exploſion, and a ſudden trembling, which 
makes the ſnapping. | oh erty 

Finally, Ari/tus, do you ſee upon the Prin- 
ciples of Anatomy, why ſome Perſons can 
bear upon their Breaſts, without any Deluſion 
or Impoſture of a Quack, an Anvil of fix 
hundred Pounds weight, and the Strokes of an 
Hammer that breaks a Bar of Iron upon this 
Anvil? 2 

Ariſt. 1. According to what we have ſaid , 
Bladders blown up with Air, by the blowing 
of a Child, and whoſe common Vent is com- 
preſſed or ſtopped with a very light force, can 
ſupport a Weight, an Anvil of ſix hundred 
Pounds, the internal Air and the Weight be- 
ing in Equilibrio, becauſe there is a recipro- 
cal Proportion of Maſs and Swiftneſs. Now 
the Lungs and Breaſt are the Bladders, as 
M. Senac has obſerved. The Glottis is a 
Vent which is eaſily ſtopped. Therefore one 
can ſupport an Anvil of ſix hundred Pounds 
upon the Breaſt, without any deluſion, as cer- 
tain Quacks do. | 

. 


* Converſation 20. 5 
Mem. deVAcad. 1724. p. 175. Hiſt. p. 29. 
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2, If the Anvil can receive great Strokes 
of the Hammer without the Breaſt's-falling flat 
more than one Line, it can bear them, it can 
eaſily ſink down this Meaſure. Now an An- 
vil can receive great Strokes without the 
Breaſt's being flatted more than one Line. 
The Breaſt ſinks down only in proportion as 
the Anvil deſcends, and the Anvil can only 
deſcend one Line under thoſe Strokes. For by 
reaſon of its exceſſive Maſs, it has much leſs 
Swiftneſs than the Hammer. Let ns ſuppoſe; 
for example, that the Hammer weighs a quar- 
ter of a Pound, and that it has one degree of 
Swiftneſs; the Anvil of ſix hundred Pound 
being beat upon by- the Hammer, has two 
thouſand four hundred times leſs Swiftnetfs, 
ſince the force of the Hammer is diffuſed into 
two thouſand four hundred Parts, every one 
of which is equal to it. Therefore the Breaſt 
can only fall flat one Line, nay much lets. 
The truth is, they upon whom this maryel- 
lous kind of Operation is performed, are laid 
upon a Plank, the middle whefeof yields to 
the Strokes of the Hammer, and partakes of 
their Effort. Conſequently one may natu- 
rally ſupport upon the Breaft an Anvil of fix 
hundred Pound, and the Strokes of an Ham- 
mer, which breaks a Bar of Iron upon this 
Anvil. 

Eudox. But laſtly, Can you, upon your 
own Principles, account for a Fact, which per- 
haps will ſeem to be as ſingular as it is common? 

Fi One 
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One is ſhorter ſtanding up, than lying a- bed; 
and ſhorter in the Evening when one goes to 
beg, than in the Morning when one riſes. 
This is a Remark made in England, and con- 
firmed at Paris by the Experiments of M. Mo- 
rand and the Abbot Fontenu. The Abbot 
Fontenu found from a Year's Experience, that 
ordinarily in the Night he grew five or ſix 
Lines, and decreaſed near as much in the 
Day. And farther, after Meals one grows, 
and decreaſes again in ſome time, How- 
ever, by means of meaſuring one's Increaſe and 
Decreaſe, one finds ſome Increaſe real and 
durable. | 

Ariſt. I think I ſee the reaſon of thoſe Phe- 
nomena ſo antient, ſo common, and ſo lately 
perceived. 1. The Vertebræ of the Back- bone 
are ſeparated, but faſtened by Cartilages which 
have a Spring. For which reaſon it is, that 
in the Day and Evening, while one is ſitting 
or ſtanding upright, the ſuperior Parts of the 
Body that weigh upon the inferior, compreſs 
the Cartilages; the bony-jointed Work is con- 
tracted; the ſuperior Parts of the Body deſcend 
toward the inferior; thus the Thorax is en- 
larged. And proportionally as the one ap- 
proach the other, the height of the Stature 
diminiſhes; and it diminiſhes ſo much the 
more, as the Tranſpiration is greater by rea- 
ſon of the Exerciſe of the Day. 

On 


Þ Hiſt. de I Acad, 1725. p. 16. 
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On the contrary, in the Night- time, when the 
Body is laid a- bed, as it is in an horizontal Situa- 
tion, or almoſt horizontal, the ſuperior Parts of 
the Body do not weigh, or at leaſt very little up- 
on the inferior. The Spring of the Cartilages is 
unbent, and removes the Fertebræ from one 
another; the bony- jointed Work is dilated, the 
Body is prolonged, and one finds one's ſelf five. 
or ſix Lines higher in Stature in the Morning, 
than when going to bed. 2. But whence comes 
it, that after one has eat one encreaſes, and 
ſhould ſome time after deereaſe again? The 
nutritive Juices, which are diffuſed into the 
Veſlels as well horizontal as perpendicular, 
{well them; this Swelling adds ſome Degrees 
of Height to the — But theſe Juices 
are diſſipated; the Veſſels ſubſide, and the ad- 
dition of Height is annihilated. 

However, by means of meaſuring the Go 
ral Increafes and Decreaſes of the Body, the 
Cartilages are extended; the exercife gives 
them a Vigour and Firmneſs in their Exten- 
ſion; they hold the Joints at a greater di- 
ſtance; and this is a real and durable Accre- 
tion. Whence we may clearly ſee, that if 
Nature threatens young Perſons with a ſhort 
Stature, they may procure an handſome one 
for themſelves, or at leaft help Nature by the 
Exerciſes of the Body. 

Eudox. You will hardly believe, Ariſtns, 
that a Body ſo perfect and fo comely as that 


of Man, ſhould be a prey to Womns. cyen in 
PRES > I 
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his life-time. Nevertheleſs they are to be 
found in the Stomach, - Entrails ©, Veins, 
Eye-lids, and Ears*, near the Root of the 
Noſe, in the Frontal Sinus, in the Brain *, 
and even in the Heart itſelf “. Nay there has 
been found in the Brain, a Worm four Inches 
long, and in the Entrails ſome four Foot 
long', fix Ells*, fifteen Foot', thirty, one 
hundred and fifty, one hundred and ſixty: 
What do I ſay? Even eight hundred Foot 
long”. On the contrary, there have ſome 
been ſeen with a Microſcope of an enormous 
Smallneſs, in the Excrements ®, in the Urine, 
and in the Blood of Perſons that had a Fe- 
ver*. According to the Experiments of 
M. Redi, there are Worms engendered in 
the Bodies of all Animals?. It is pretended 
that a Lizard has been ſeen to come out of the 
Mouth of a Man . Whence can Inſects of 
ſuch ſurprizing Largeneſs and Smallneſs, come 
into a Man's Body ? 

EP Ariſe. 


* Mem. de Trevoux. 1717. p. 616. 
4 Nouv. de la Rep. des E. Dec. 1687. p. 1285. 
* * des Scav. 1677. p. $2. 
f Ibid, 1709. p. 458. © | 
b Mem. de Trev. 1703. p. 1715. Hiſt. de VAcad, 1700. p. 39. 
n Journ. des Sgav. 1722. p. 366, 
1 Hiſt. de Acad. 1709. p. 29. 
® Journ. des Scav. 1718. p. 396. 
1 Hiſt. de PAcad. 1709. p. 32. 
m Mem. de Trey. 1717. p. 616. 9 | 
n Bib. Univ, & Hiſt, T. I. p. 409. Art. 1686. & T. II. p. 464. 
RR. n 
o Nouv. de la Rep. des Let. Dec. 1687. p. 1285. 
. Þ Journ. de Sgav. 1709. p. 265. 
2 Mem. de Trev. 1718. p. 161. 
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Ariſt. Probably the Reſpiration, Nouriſh- 
ment, Chyle, and Blood carry into divers 
Parts of the Body, Eggs of Inſects, which 
finding a certai degree of Heat, are hatched, 
and grow more or leſs according to the natu- 
ral Diſpoſition of every Species of Eggs, and 
the quality of nutritive Juices, which by rea- 
ſon of their Arrangement and conſtant Heat, 
may produce extraordinary Evolutions and Ac- 
cretions, ſuch as would not happen without 
the Body. 

Eudox. The Body of Man has its Weak- 
neſſes and Maladies. Maladies have their Re- 
medies. We have ſpoken of ſome Diſeaſes, 
let us talk now of ſome particular Remedies. 


Co- 
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n certain RE MED I ES. 


* Hu TY HE Knowledge of Diſeaſes 
would be very uſeleſs, if 
there were no Remedies. 

Endox. If Phyſick ſhould 
ſaffer the Thread of our Lives to be cut beforc 
the time, it is not always for want of Reme- 
dies. How many Simples, Mixtures, and 

Operations capable of removing Obſtructions, 

and of reſtoring to the Blood its natural 

Courſe, and of tempering its Agitation! 

Reaſon and Experience have diſcovered them. 

For example, have you a Pain in your Head ? 

the Water which diſtils from the ſliced Roots 

of the Wallnut-tree, being drunk by intervals, 
about the quantity of an Ounce at a time, abates 
the Pain as well the Water of Yervern *. Is 
it the Megrim that torments you ? You ought, 

I think, to be ſubject to it. A doſe of Coffee 

will cure you. Its Salts being mixed with the 

Blood, will ferment; they will diſſipate by 

their Agitation and Solidity, the Obſtructions 

which impede the Courſe of the Blood and 
Spirits 


2 Journ. des boar. 4686. p. 46. 
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Spirits in the Brain, ſtopping and forcing them 
to gather together, to extend and ſwell their 
Paſſages, to diſorder their Fibtes, and to in- 
form the Soul of this diſorder by lively Senſa- 
tions of Pain. The Remedy will be equally 
bitter, ſweet, and effeual *. | 

M. Homberg ſpeaks of Diſtempers cured af- 
ter a more ſingular manner. The Flame of a 
Wax-candle ſeized on the Head-dreſs of a 
Lady troubled with Diſtempers of the Head 
for three Years almoſt without intermiſſion, 
and burnt the fore and upper part of her 
Head. The Burn being treated after the uſual 
manner, perfectly delivered the Lady from her 
Head- arg. 

Ariſt. Probably the Burning, the Agitation 
of the Fright, and the Cures! ſubtilized the 
noxious Humours, opened 'the obſtructed Veſ- 
ſels, and rendered the Citculation more free, 
or gave another. Courſe to the Humours. 
When the Remedy happens to be bwing to 
Chance, the Cure does not always ſucceed 
the worſe, Mes BOY 549008 
Eudox. Chance had its ſhare ih curing anv- 
ther Species of Head-ach. A Perſon tor- 
mented for four Years with a violent Pain be- 
low his Forehead near his Noſe, and reachin 
to his right Temple, took to the uſing of Snuff. 
When he had uſed. it a Month, he was _— 


v Baglivi Opera Medico-practiea. Journ, des Sgr. 1705- 
133. | 
f + Hiſt, de Acad. an. 1708. p. 46. 
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ſurpeized to find himſelf cured one Morning, 
after a violent Sneezing, by voiding a Worm 
fix Inches long, and having 122 Feet. This 
Worm, according to the Remark of a skil. 
ful Anatomiſt, M. Littre, muſt have been 
lodged in the Sinus Frontalis, a Cavity formed 
in the Os coronale under theEye-lid, and which 
communicates with the Noſtril by a ſmall 
Hole ©. 

Ariſt. Probably the Egg, which contain d 
this Inſect, had been depoſited in this Cavity 
by the Circulation of the Blood, or by the Air 
in the time of Reſpiration z and the trouble- 
ſome Action of the Snuff had forced the Ani- 
mal to come out by the ſmall | Hole of Com- 
munication. 

Eudax. If the Queſtion: were concerning 
the Cure of 3 Fever, I doubt whether you 
would be willing to ſuck the Blood of an Hare 
perfectly hot from an Artery which had been 
opened in the Neck, and to wrap up your 
Head in its Skin thoroughly warm, in order to 
diſpoſe you to ſweat. It is ſaid the Tartars 
uſe this Remedy for delivering themſelves 
from a malignant Fever. This may poſſibly 
be a Specifick toothſome enough to the Tar- 
tars. The Flowers of Antimony, tempered 
with equal Parts of Spirit of Wine and Spirit 
of — will pethaps appear to you a more 
agreeable Febrifuge *, as well as the Jeſuits 

Bark, 


* Hiſt. deVAcad. 1708. p. 42. 
ourn. des Sgav. 1704. p. 121. 
7 bid. 1686. p. 47. 
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Bark, eſpecially in intermitting Fevers. But 
will you believe what Ermuller reports, that 
Borrichius cured a Woman of an obſtinate 
Tertian Ague by putting her into a furious 
Paſſion, and that Yalerio/a made uſe of the 
fame Remedy to cure a Quartan Ague®? A ſud- 
den Fright cures it ſometimes ®, 

Ariſt. Extraordinary Emotions may ſud- 
denly diſſolve the Coagulations, and diſſipate 
the Obſtructions which cauſe the regular re- 
turns of the Fever. | 

Eudox. A Lady, that had loſt her Voice by 
a great Affliction while ſhe was ſick, recovered 
it in another fit of IIlneſs eleven Years after 
by vomiting, which occaſion'd her to ſtrain 
very violently . The fight of a great Fire, and 
the noiſe of Thunder, have cured Paralyticks. 
Bartholinus tells us that a Man, who had been 
dumb for four Years, meeting with an old 
Woman, whom he hated extremely, ſtrained 
to that degree that he gave her very abuſive 
Language. e 

Ariſt. On theſe occaſions the animal Spfrits, 
finding themſelves at once in greater number, 
more agitated, more free, and ſtronger than 
ordinary, opened the Paſlages, wherein there 
had been Obſtructions capable of hindering 
the Action of the Spirits and Nerves. 


E udox. 


E Mem, de Trev. 1707. p.922. 
» Mem. de Leipſick. Avr. 1723. p. 137. 
i Mem.de Trev. 1703. p. 736. 
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Eudox. If hard Study ſhould cauſe any In- 
flammation in your Eyes, the Smoak of a 
Peacock's Feathers is reported to be excellent 
for that Diſtemper *, as well as the Flower of 
Blue: bottles pounded a little with its Calix, 
and ſoak'd for twenty four Hours in Snow- 
water, which is then diſtilled over a moderate 
Sand-heat '. It is alſo pretended that the * 
of a Partridge is a Specifick for Cataracts *, 
well as the Gall of a Weaſel mixed with = 
Juice of Fennel . Thoſe who have watry 
Eyes are adviſed to chew Betony . This Plant 
being macerated, opens. the Pores, and turns 
the Courſe of the Humours aſide. 

Is the Queſtion about bleeding at the Noſe? 
Pound ſome, Betony with a Pinch of Salt; 
make thereof a ſmall Tent, and put it into 
the Noſe; the Bleeding will ceaſe?. And we 
read with aſtoniſhment in the Journals, that 
Rue and freſh Nettle well pounded and put 
up the Noſe, have made an Hemorrhage ceaſe, 
though ſo prodigious that in four days time 
forty Pounds of Blood had iſſued out through 
the left Noſtril z. 

Ariſt. Probably the Coldneſs of theſe Re- 
medies diminiſhes the Fermentation of the 
Blood, and ſhuts up the Pores which gave it 


vent. Eudox. 


X — bii Oraithologia. Journ. des Scav. 1677. p. 4. 
es Scav. 1677. p. 23. 
| — Will. Ornith. Jour. des Sgav. 1677. p. 4. 
a des — 25 p. 239. 
id. 1680. p 
v Botanique Abe Paulli. Journ, des Sgav. 1709. p. BY 
2 Jour, des Sgav. 1683. p. 258. 
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Eudox. As for the Tooth-ach, which meets 
with ſo little Relief, they cale it by gargari- 
zing the Mouth with Wine or Vinegar, in 
which Betony has been boiled. Beſides, a 
Decoction of Deal Shavings held in the Mouth 
is an eaſy Remedy for a very violent Pain. 

Ariſt. Theſe Infuſions muſt needs diſſolve 
the ſharp Humours, which corrode, or ſhake 
the Roots of the Teeth too much. 

Eudox. The Gout cauſes Pains no leſs 
ſharp and more durable. It conſiſts in flegma- 
tick, ſharp, bilious, ſaline Humours, car- 
ried by the Circulation into the Joints, where 
they overflow, being ſtayed by theDifficulty of 
paſſing through Places where the Channels 
ſtraiten one another by their ſeveral Foldin 
TheſcHumours being collected together, (well 
the Fibres, tear and gnaw them: hence the 
Pains. Milk drank if poſſible as it comes 
from the Cow, every Morning four or five 
hours before breakfaſt, for the Space of about 
three Months inſenſibly tempers the ſharpneſs 
of the noxious Humours by its ſweetneſs !. 
M. Borrhi affirms, that Oil drawn from the 
Brain of a Calf is excellent againſt the Gout *. 
Perſons have been eaſed of this Pain by waſh- 
ing and holding the Feet an hour every day in 
warm Water*. An extract of the Root of 
Birth. wort in Spirit of Rheniſh Wine is alſo 


ef- 


Faulli Journ. 1709. p. 483. 
f Val. Villius Journ. des Sgav. 1679. p. 273. 


T Greiſſellius. Journ: des Scav. 16 
u Ibid. 1669. 1 bo * - 5 


* Mem. de Trey. 1718, 2 vol. p. 175. 
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effectual; fifty Drops of this Eſſence taken 
in any Liquor have appeaſed the Diſtemper v. 
Burning and pricking ate ſpeedy Remedies 
among the Chineſe. They ſay that ſudden 
and extraordinary Motions have ſometimes 
been followed with a ſudden and unexpected 
Cure. That was a metry Cure enough of 
one troubled with the Gout, who haſtily roſe 
up to catch hold of the Phyſician's Collar that 
provoked him by injurious Language *. Some 
there are who preſcribe a ſmall Doſe of Cana- 
ry Wine after Dinner. The Remedy is plea- 
ſant for a Diſtemper which makes us purchaſe 
at ſo dear a Rate the Hopes of a long Life. 
Ariſt. Muſt not one have been very elo- 
quent, to make an Encomium on the Gout, az 
has been done? I know not whether the Au- 
thor of its Panegyrick was inſtructed by Expe- 
rience. 
 Eudox. In the Pains of the Gout, and in 
the Remedies employed for appealing them, a 
great quantity of ſharp and hurtful Humours is 
conſumed ; this may contribute to prolong the 
Life, and is one of the good Properties of the 
Gout. Farther, another of its good Proper- 
ties is, that it is very fit for exerciſing the Pa- 
tience of a Philoſopher, and a Chriſtian. 
For the Jaundice, which is an Obſtruction 
of the Bile that runs back and is diffuſed, 
| they 


? Mem, de Trey. 1718. 2 vol. p. 157. 
— des Scav. 1684. p. 98. 
* Mem, de Trev. May 1707. p- 421. 
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they commend the Fleſh'of aQuail ®, the Spi- 
rit of Sal Armoniac, Wormwood boiled in 
Broth, the Strawberry Plant; ſmall Centory, 
Carduus Benedictus, Celandine, ce. They 
give pounded Apples as a ſovereign Remedy 
for Ulcers, As for a Felon, one may at dif- 
ferent times dip the Fore-Finger in boiling 
Water. M. Homberg experienced this Re- 
medy upon himſelf. 

Ariſt. The violent Heat may ſubtilize the 
groſs, ſtagnating, and hurtful Humours, make 
them enter upon new Routs, and diſſipate 
them, or deſtroy the Channels which — 
them in the part affected. 

Eudox. If we have to do with Maladies 
cauſed by Worms, the Milk of Fern, cold 
Water, frozen Water, Wine and Spirit of 
Wine, Water ſweetned with Honey, and ſu- 
gared Water, are ſo many Remedies. M. An- 
dry has made Worms come forth with Fern- 
water . M. Perrault obſerved, that cold 
Water and Ice would kill them . M. Redi 
diſcovered by his Experiments that Honey and 
Sugar were Sweets which did not agree with 
Worms, and that they died in a ſhort time, 
both in the honeyed and alſo in the ſugared 
Water“. And M. Bagliui ſpeaks, in a Let- 


* Journ, des Scav. 1677. p.4. 
* Ba livi opera. Journ. des Sgav. 1705. p. 133. 
d Aldrovandus. Jour. des Sgav. 1668. p.99. 
g Hiſt. de “Acad. 1708. 
f Mem. de Trev. 1704. P. 764. 
® Journ. des Scav. 1675. 
n Redi de Animalculis, Journ. des Sgav. 1709. p. 266, 267. 
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ter to M. Andry, of an epidemical Diſeaſe 
cured by virtue of Wine given to the Sick. 
The Worms died whenever they were plunged 
into Wine. What ſerves to maintain the 
Structure of the Organs in ſome Animals, de- 
ſtroys it in others. 5 

do not know whether you are diſpoſed to 
believe, that a Spider ſhut up in a Filberd, 
and hung about the Neck, can cure Perſons in 
a Conſumption *. 

Ariſt. Is it poſſible that the Tranſpiration 
of the Spider can reſtore what the Corruption 
had diſordered in the Lungs? Or could the Spi- 
der attract the vicious Humours of the Lungs ? 

 Endox. However that be, they pretend 
that the Uſe of Ants is a ſovereign Cure for the 
Palſy *; and Ravens rightly applyed for the 
1 " à Potion made with four Ounces 
the Water of Carduus Benedictus, twenty 
Drops of Spirit of Sal Armoniac, and thirty 
Drops of Spirit of Nitre dulcified, for the 
Pleuriſy ®. But M. Bozx would have us leave 
the Cure of it to Nature, which makes uſc of 
a Fever and Expectoration in order to accom- 
pliſh her Work. 

Ariſt. Remedies capable of diſſolving the 

Coagulations and Stones, which are formed 


Ill 


i Mem. de Trev. 1704. p. 770. 

* Jour. des Scav. 1619. p. 32. 

1 Jour. des Sgav. 1681. p. 132. 

m Ibid. 1677. p. 4. | 

n Anat. du corps humain. Jour. des Sgav. 1676. p. 46. 
© Defenſe d'Hippocrates, Jour. des Scav. 1712. p. 454. 
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in the Body, would be precious. They have 
found a Stone of four Pound in a Horſe ?, 
and one of twenty Pound in a Cow*. Men 
have none ſo heavy. However, there have 
been ſometimes found very large ones in the 
human Bladder. M. Lemery ſaw one of an 
Inch diameter, and an Inch and half long, in 
the Entrails, which ſtopt their Paſſage *. The 
German Ephemerides tell us, that about a 
hundred of them have been diſcovered in one 
Kidney. Anatomiſts have met with them in 
the Glands of the Meſentery, in the Veins *, 
in the Arms, in the Shoulders, in the Tongue 
and in the Heart“. Petrified Tears have been 
ſeen to iſſue out of the left Eye of a young 
Girl, One of theſe Tears was hard like a 
Flint, tranſparent, and of the bigneſs of a 
Bean; of which M. Yanhelmont was an Eye- 
witneſs *. Theſe Coagulations and Stones are 
probably ſmall earthy, ſandy and viſcous Par- 
ticles faſtened to one another as they met in 
divers places, and dried by the Heat of the 
Body, much after the ſame manner as a Tile is 
a clammy Earth, but dried by an exceſſive Heat. 
Eudox. For thoſe who have the Stone they 
order Malmſey, Juniper, pickled Ginger, and 
LP 2] Wood- 


v Jour. des Sc. 9 Avr. 1668. p. 41. 

2 Ibid. 18 Janv. 1666. p. 40. 

r Hiſt. de Acad. des Sciences, 1704. p. 24. 
r Journ. 4 Juil. 1678. 

t 3 des Scav. 1694. p. 44, 45 

u Ibid. 18 Jan. 1666. 

* Ibid. 1 May 1679. p. 119. 


1220 Of certain REemtDies.. 


Wood-lice prepared with Spirit of Salt. Tyr. 
rien ſays, that he cured a Man of the Stone by 
making him drink Cryſtal firſt reduced to 
Lime by the Fire, then laid upon Marble in a 
Cellar, and after that reduced to a Liquor,. 
They give Lime-water as excellent in the 
King's Evil *. 

As for Poiſons, ſome are corroſive, ſome 
cauſe Obſtructions, and others bring on Death 
by a calm Sleep, as the Venom of that ſort of 
Aſp with which Cleopatra was bit a. The firſt 
are probably compounded of ſharp, ſolid, and 
cutting Parts; the ſecond of more groſs and 
ſtony Pres 3 and the other of viſcous Parts 
which deaden the Action of the Animal Spi- 
rits. Inciſions, Ligatures, Cauſticks, Vomits, 
Oil of Olive, hot Water, Baths, Treacle, 
Juice of Citron, &c. are Remedies againſt 
them. In the Iſland of Favs the uſeleſs Nou- 
riſhment, which is not changed into Chyle, 
being dricd, reduced to Powder, and thrown 
into a Glaſs of Water, is an Antidote“. And 
Wl :lloughby pretends that the Blood of Ducks, 
being taken perfectly hot, is an univerſal An- 


tidote 
The Bite of a Viper and other venomous 


Animals is cured, 1. By a Ligature “. 
Ariſt. 


: Journ. des Scav. 1687. p. 356. 
* Mem. de Trev. 1711. p. 1614. 
2 Ibid. 1713. p. got. \ 
Þ Tourn. des Scav. 1677. p. 112. 
© Ornithol, Journ. des Sgav. 1677. p. 4. 
# Experiences de M. Charas. Joura. des Scav, 60G. p. 249. 
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Ariſt. The Ligature hinders the Poiſon 
from ſpreading. 

Eudox. 2. By opening and immediately ap- 
plying the Animal to the Bite“. 

Ariſt. The Poiſon, which meets with ſome 
Obſtacle in the Wound, and an eaſy Retreat 
into the Pores of the venomous Animal, re- 
turns thither. | 

Eudox. 3. By the Heat of a red Iron, 
which is brought within a certain diſtance of 
the Wound]. 

Ariſt. The Heat attenuates the Poiſon by 
its Action, and diſlipates it; and it is exhaled 
the more caſily, becauſe the Heat drives away 
the Air from about it. 

Eudox. If the Poiſon of the Viper has had 
time to ſpread it ſelf, and prevail, one may 
cat the Heart, Liver, and Head of the Viper 
it ſelf, all lightly broiled®. The venomous | 
Animal carries a Counter-Poiſon in theſe dif- 
ferent parts of its Body. 

Ariſt. They abſorb the Poiſon, and dull 
its Action by receiving it into their Inter- 
ſtices. 

Enudox. The Bite of a mad Dog is an enve- 
nomed Spittleb, compounded of ſubtle, ſo- 
lid, fiery, faltiſh, inciding, corroſive parts. 
In a word, a certain Woman having had 
the Border of her Petticoat only torn by a 

hy mad 


© Jour des. Scav. 1694. p. 249. 
f Ibid. 1684. p. 107. | 


5 Journ. des Scav. 1698. 
» Aſtruc. de Hydrophobia. Journ, des Sgav. 1713. p. 171. 
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mad Dog, ſcwed it up again, and by only 
breaking the Thread with her Teeth, ſhe 
contracted the Diſtemper*. From what could 
this proceed, but from an envenomed Spittle 
attach'd to the Thread? Dogs are more ſub. 
je& to this Diſtemper than many other Ani- 
mals, becauſe they never ſweat *. Their 
Blood being through the want of Sweat far 
from purifying itſelf, is charged with groſs 
and heterogeneous Particles, which ferment- 
ing, infect the Spittle, and cauſe Madness. 
This terrible Malady. is accompanyed with 
a ſtrange Thirſt, and an Hydrophobia or an 
invincible Averſion to Water. This Liquor 
probably augments the Pain of the diſtem- 
pered Perſon, by agitating the venomous 
Salts with which the Throat, Oeſophagus, 
and Stomach of the Patient are impregna- 
ted!, When one is bit, the poiſonous Spit- 
tle of the mad Animal flows into the Blood. 
Then Scarifications”, Cauterics, and repeated 
Bathing in freſh Water, but above all in the 


Sea, arc effectual. When they ſcarify ſo as 


to lay open the Fleſh round the Wound, 
they turn aſide the Spittle from the Veſlels, 
and give it a Paſſage to iſſue out with the 
Blood. When they bring a Scaring-Iron 
near the Wound, and hold it there as long 
as the wounded, Perſon can bear it, the Agi- 

tation 


i Journ. des Scav. 1713. p. 171. 

k Mead of Poiſons. Journ. des Sgav. 1705. p. 616. 
1 ſourn. des Sgav. 1705. p.617. 

m Ibid. 1696. p. 423. 


Conv. XI. Of certain Rxuxbxs. 223 


tation of the igneous Particles attenuates, ex- 
preſſes and diſſipates the venomous 6 
Baths cauſe Evacuations by the way of Urine, 
which carries off the Poiſon. Beſides, theſe 
Remedics give Courage, and baniſh Fear, 
which may contribute towards corrupting the 
Blood. We are told that a Philoſopher per- 
ceiving the approach of this Diſtemper, reſo- 
lutely plunged himſelf all at once into Wa- 
ter, notwithſtanding his averſion to it, and 
drunk ſo much that it cured him; the Wa- 
ter blunted and carried off the venomous 
Salts expreſt by the violent Agitation. Is it 
not upon this Foundation, that Ceiſus orders 
us to throw thoſe who are afflicted with this 
Evil into Water, to make them drink whe- 
ther they will or no; and then to prevent 
very violent Convulſions, put them into a 
Bath of Oil ſomewhat warm!? 

Laſtly, Are you deſirous to preſerve your 
ſelf from contagious Diſtempers? Do not 
ſwallow your Spittle, for the Poiſon is at- 
tach'd to it: And we are aſlur'd that Cinna- 
mon being wore upon the Stomach is an ex- 
cellent Preſervative againſt Contagion ®. An 
excellent Preſervative againſt Diſtempers in 
general, according to a skilful Phyſician of 
our time, is a moderate Exerciſe of the Bo- 
dy v. Exerciſe prevents and diſſipates noxious 

Hu- 


* Tozzi. Journ. des Sgav. 1687. p. 154. 
o Journ. des Sgay, 1705. p. 617. 
Y M. Andry. 
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Humours. A regular Diet, a pleaſing Tran- 
quility animated with ſome degree of Ex- 
erciſe, and a certain Gaiety of Temper, may 
ſupply the place of Phyſick and Phyſicians. 
But let us now turn our u to more 
agrecablc 1 r ects. | 


Upon the Organs of Feeling, 8c. 225 


ConveRrsSATION XII. 


Upon the Organs of Feeling, Taſting, 
Smelling, and concerning Savours 
and Odours, 


Eud. Q INCE we are to ſpeak of the 
'\ ) Senſes, of Feeling, Taſting, Smell- 
ing, Hearing, and Seeing, let us begin with that 
which is of greateſt extent, namely, the Touch, 
or Organ of Feeling. Ir conſiſts, as I imagine, 
in the nervous Fibres, or thoſe which- are the 
Productions of the Nerves and Muſcles dif- 
fuſed throughout the whole Body. For, in 
a Word, there are few Parts of the Body thar 
are not ſenſible of the Impreſſions made by 
Objects, which immediately touch the Body; 
for nothing is mare proper than the Fibres 
diffuſed throughout the whole Body, for ma- 
king theſe Impreſſions pals as far as the Brain by 
Means of the animal Spirits. An infinite Num- 
ber of ſmall Fibres terminate at the Epidermis 
in ſmall Tufts and Papillæ, which receive the 
ſenſible Impreſſions, in order to convey them to 
the Soul itſelf. Hence the Senſations of Cold, 
Heat, Softneſs, Hardneſs, Pain and Pleaſure. 
Ariſt. You are going to explain to me, Eu- 
doxus, a Phenomenon very ſingular, The 
Vol. II. Q. Cramp 
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Cramp-Fiſh, you know, is a Fiſh much in the 
Shape of a Ray. If we do not touch this 
Fiſh, however near our Hands may be to it, 
we feel nothing. But if you touch it with 
your Finger, you feel, at leaſt very often, a 
painful Numbneſs in your Hand and Arm. 

Eud. According to the Obſervations of M. de 
Reaumur, the Cramp-fiſh has a Back ſomewhat 
convex. This Surface becomes flat, or even 
concave by Degrees. But it becomes concave 
before we can perceive it, and the very Mo- 
ment that it reſumes its convexity, we are 
ſtruck. The Quickneſs of the Blow benumbs 
the Hand and Arm by ſubtly ſtopping the 
Courſe of the animal Spirits by a contrary Im- 
preſſion, 

Ariſt. The Author of the Hiſtory of the 
Antilles ſays, from his own Experience, that 
as ſoon as one touches a little Fiſh, called Ga- 
lere, which always floats above the Water, 
and is very common in thoſe Iſlands, a Pain 
is felt, as if one had plung'd one's Arm into 
boiling Oil. 

Eud. Probably certain Corpuſcles proceed 
from this little Animal by Tranſpiration, which 
ferment with the Blood, and produce this 
painful Senſation. | 

Ariſt. Sometimes without being touch'd we 
| perceive a Pain in the Organ of Feeling. They 
who have been wounded in any Part of the 
Body commonly feel Pains therein, whenever 
the Weather begins to change. 

> 1 Eud. 
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Eud. In the Changes of the Weather, the 
Air, which becomes either heavier or lighter, 
makes an extraordinary Impreſſion upon the 
delicate Texture of the Parts that have been 
hurt, whether it be by preſſing them out- 
wardly, or by extending them inwardly, as 
M. de la Hire has remarked. Now this ex- 
traordinary Impreſſion upon the delicate Tex- 
ture of the wounded Parts, may probably be 
the Cauſe of the Pain which is felt therein, 
and may ſerve inſtead of a Weather-glaſs. 

Ariſt. But whence proceeds, Eudoxus, the 
Pleaſure of a moderate Tickling ? 

Eud. From a ſudden and briſk Agitation, 
that paſſes into the minute Particles of the 
Fibres without wounding them. 

Ariſt. But why is the Sole of the Foot 
moſt capable of being affected with Tickling ? 

Eud. The Reaſon is, becauſe a great many 
neryous Fibres terminate therein. 

Ariſt. The Organ of Taſte is not of ſuch 
an Extent, yet there is ſomething in it which 
raiſes my Curioſity. 

Eud. The Tongue, wherein this Organ is 
placed, is a fibrous and muſculous Subſtance, 
which, from a Baſis conſiderably large, ter- 
minates almoſt in a Point. The Fibres, which 
reach from the Baſe to the Point, hold it in, 
ſhorten it, and give it that Facility it hath of 
moving itſelf every way in the Mouth, 


Q 2 The 
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The Tongue has ſeveral Coats or Mem- 
branes. An external Membrane conſiderably 
ſtrong ſerves it inſtead of an Epidermis 
This Membrane encloſes another Kind of viſ. 
cous Membrane, of a moderate Thickneſs, and 

rforated like a Sieve. Under this viſcous 
— there is a Tunic, called the Corpus Pa. 
pillare, from which ariſes a great Number of 


. + * = / j 1 
* — 7 5 77 9 HA — — — ＋ 


K Dain: N Fminencies. which paſs 


228 ConvrersaTION XII. 


The Tongue has ſeveral Coats or Mem- 
branes. An external Membrane conſiderably 
ſtrong ſerves it inſtead of an Epidermis 
This Membrane encloſes another Kind of viſ. 
cous Membrane, of a moderate Thickneſs, and 

rforated like a Sieve. ' Under this viſcous 
— there is a Tunic, called the Corpus Pa- 

illare, from which ariſes a great Number of 
Papillæ, Points, or Eminencies, which pa 
through the viſcous Part even to the Surtace 
of the external Membrane, as has been ob- 
ſerved in the Tongues of Animals when 
boiled. 
Wich a Microſcope there are ſeen in theſe 
Eminencies, ſeveral ſmall Holes, in the Bot- 
tom of which ſome Nerves terminate. The 
Eminencies or Papillæ of the Tongue, with 
thoſe of the Palate, are in Appearance the 
principal Organ of Taſte. Thus, accord- 
ing to the Experiments of M. Bellini, if 
one put Sal Armoniac upon the Parts of 
the Tongue, where there are no papillary E- 
minencies, there is no Taſte perceived (a). 
It is probable that the ſmall Parts of Salt paſ- 
fing through the Holes, with which the pa- 

illary Eminencies are perforated, prick the 

erves which terminate there, and that this 
Pricking cauſes there a certain tremulous Mo- 
tion which paſſes into the Spirits, and then 
the Impreſſion is followed with a Senſation of 
Savour. | 


(a) Laur. Bellini Journ. des Sgav. 1666. 
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Ariſt. Savours, as it ſeems to me, conſiſt 
in the 1 and „ r of imper- 
ceptible Parts, and eſpecially of ſavoury Bo- 
dies:. For theſe Parts, theſe Salts, being 
differently agitated, and having different Con- 
figurations, ought naturally to produce in the 
Organ of Taſte and in the animal Spirits 


The perfeftly pure Water, Oil, Salt and Earth, both of Ve- 
getables and Animals, have no particular Taſte, any more than 
„ OM Gs a. HA fk. -* » Deincibles of one Sytieft from 

1 ; * Þ 
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Ariſt. Savours, as it ſeems to me, conſiſt 
in the Agitation and Configuration of imper- 
ceptible Parts, and eſpecially of ſavoury Bo- 
dies. For theſe Parts, theſe Salts, being 
differently agitated, and having difterent Con- 
figurations, ought naturally to produce in the 
Organ of Taſte and in the animal Spirits 


The perfectly pure Water, Oil, Salt and Earth, both of Ve- 
getables and Animals, have no particular Taſte, any more than 
Odour, ſufficient to diſtinguiſh the Principles of one Subject from 
thoſe of another. Salts and Oils have the greateſt Pretence to 
it; yet the pure and perfect Salt of Liquorice cannot be known 
from the Salt of Wormwood : And if the Operation be duly per- 
formed, the Caſe is univerſal. In like Manner the ſtrongeſt and 
moſt ſapid vegetable or animal Oil, by being expoſed to the free 
Air, uttetly loſes all its Taſte, as well as Smell; and what re- 
mains thereof is not to be diſtinguiſhed from Oil of Olives, Oil 
of Almonds, or any other pure and perfect Oil- Whence we 
muſt conclude, that as Oil alone conveys the ſpecific Taſte of ve- 
getable and animal Subſtance, there muſt be ſome fine, ſharp, 
ſubtile Thing, or Spirit reſiding therein, which, when the Oil is 
once deprived of, the Bodies loſe their Taſte ; and therefore, 
whatever has the Power thus to draw away this Spirit from the 
Oil, has the Power of rendring Bodies perfectly inſipid. 

As to Minerals, all of them are deſtitute of Taſte, ſo long as 
they remain entire, and undiſſolved; but when once ſet a 
float, they become vehemently ſapid and -pungent : Whence it 
is eaſy to conclude, that taſteleſs Bodies may, according to the 
Nature of the Solvent, acquire ſtrong, determinate and abo- 
minable Taſtes. Thus fixed Salts, diſtilled from inſipid Sand, 
become violently acid Spirits ; as Spirit of Nitre, Oil of Vitriol, 
&c. Taſteleſs Sulphur, by boiling in Oil, becomes exceedingly 
nauſeous upon the Palate. The inſipid Body of Silver diſſolved in 
Spirit of Nitre, proves moſt intollerably bitter upon the Tongue; 
yet becomes inſipid again when reduced from its vitriolick State 
to luna cornea. And by the like Treatment the Body of Lead 
is made to taſte ſweet, as in the Sugar of Lead. Whence we 
may ſee what numberleſs Ways there are of diverſifying, changing 
and deſtroying the Taſte of Bodies. Vid. Shaw's Chymiſtry, p 329, 
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theſe Impreſſions, Tremblings, and Undulations, 

from which preſently ariſe the Senſations of 
Savour. Accordingly the Hear, which does no- 
thing but vary the Agitation and Configuration 
of the imperceptible Parts and of the Salts in 
Food, ripens Fruit, and gives Reliſh to 
Meat. 

Eud. Some Bodies are inſipid; as the Air, 
Water, Glaſs, and Metals. 

Ariſt. The Reaſon is, becauſe they make 
no ſenſible Impreſſion upon the Organ, as ha- 
ving either too fine Parts, as the Air; or too 
flexible, as the Water; or too ſmooth, as 
Glaſs; or too Groſs for penetrating the Inter- 
ſtices of the Organ, as Metals which the Spit- 
cle cannot diſſolve. 

Eud. But why do Seaſonings give a Reliſh 
to Victuals? 

Ariſt. Becauſe they change the Maſs or 
the Configuration of the Particles, and of 
the Salts, giving them a Figure more capa- 
ble of irritating the Organ, without wound- 
ing it. 

Eud. There are ſome Savours which pleaſe 
the Taſte, and others which are diſagreeable 
to it. 

Ariſt. Thoſe which irritate the Organ of 
Taſte without wounding it, pleaſe the Taſte. 
Thoſe are diſagreeable which rudely ſtrike it, 
or tear it, whether by their Configuration, 
exceſſive Bulk, or Motion, 48 


Eud. 
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Eud. But whence proceeds the Difference 
of Taſtes? 

Ariſt. From the Difference of the Fibres, 
the Texture whereof is more or leſs ſuſceptible 
of the ſame Impreſſions. 

Eud. As for ſick Perſons, very often they 
find all Food inſipid. | 

Ariſt. That is, becauſe the Bile diffuſed o- 
ver the Organ, or which comes out of the 
Fibres when the ſick Perſons endeavour to 
eat, blunts the Points of the Aliment, or their 
Action upon the Organ. 

Eud. Let us paſs from the Taſte to the 
Smelling. 

Ariſt. The Structure of the Noſe is ſuffici- 
ently known, but what is properly the Organ 
of Smelling ? | 

Eud. That is properly the Tunicle or Mem- 
brane, which inwardly covers the bony lami- 
nc of the Noſe. It ſeems ordered by Nature 
for receiving and conveying to the Brain the 
Impreſſion of Smells. For it has not only a 
moſt exquiſite Senſation, and is ſpread over 
with an infinite Number of Rays which make 
ſo many Branches of Nerves, but moreover it 
is alſo of a ſufficient Extent for receiving at 
the ſame Time the Impreſſions of a great 
Number of Corpuſcles, which uniting their 
Forces make ſtrong and lively Impreſſions, not- 
withſtanding their Smallneſs; accordingly the 
more Animals have of theſe laminæ co- 
vered with the folded Membrane, whereof we 
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are ſpeaking, the more exquiſite is their 8Smel- 
ling. Game Dogs, which commonly have miany 
more of them than Men, have alſo common- 
ly their Senſe of Smelling much more acute, 
Nevertheleſs it is ſaid, that there are Negro's 
whoſe Smelling is ſo exquiſite, that in order to 
diſtinguiſh the Footſteps of a Negro or a 
French Man, they need only ſmell the Place 
whereon the Negro or French Man hath 
walked *. | 

Ariſt. 1 conceive that when the Odours 
ſtrike the Membrane, the Impreſſion paſſes to 
the Soul, where there is made a Senſation, 
But what are Odours? 

Eud. Odours are Emanations of ſubtle and 
ſulphurous Corpuſcles, ſeparated from the o- 
doriferous Bodies *, and having the Air for 

II * their 
* Hiſt. des Antilles, Journ. des Scav. 25. Av. 1667. p. 91. 
2a What has been ſaid above concerning Taſtes, may alſo give 
us ſome Light into the Nature of Odours. As Oil alone con- 
veys the ſpecific Taſte of vegetable and animal Subſtance, ſo like- 
wiſe is it the Cauſe of their Odour, or to ſpeak more accurate- 
ly, the ſpecific Spirit reſiding in that Oil; which may perhaps + 
be a part of the Oil itſelf, ſo ſubtilized and attenuated as to 
become . miſcible with Water. Oil therefore, in ſtrictneſe, is 
not the Cauſe of the Odour of Vegetables,” any farther than that 
being of an inviſcating and tenacious Nature, it ſerves to lodge 
and detain that ſubtile and impalpable Subſtance, properly called 
Spirit, which gives them their ſpecifick and diſtinguiſhing Scent 
and Virtues. For any the moſt odoriferous Oil, as that of Cin- 
namon, if expoſed to a' gentle Heat, preſently loſes its Scent, 
without ſuffering any remarkable Diminution of ity Weight. 
Hence it appears that whatever Cauſe can extricate the Oil, or this 


ſubtr.e Spirit, from vegetable Bodies, will of Conſequence ren- 
der them Scentleſs, 8 5 | 


* 


Farther 
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their Vehicle are carried to the Organ of 
Smelling. Accordingly, Agitation, Drought, 
and Heat, which are the Cauſe of theſe E- 
manations, produce, or at leaſt augment theſe 
Odours. The Hay, when dried, the Flowers, 
when expoſed to the Beams of the Sun, and 
Incenſe, when burnt, do thereby the more 
diffuſe their Odour. On the contrary, the 
Cold which cloſes up Bodies, and ſtops or di- 
miniſhes the Emanations of the Corpulcles, 
ſuppreſſes or diminiſhes the Impreſſion of their 
Odours. 

Hence, 1. Flowers delight the Smelling leſs 
after great Heats, than in the Time of a mo- 
derate one; becauſe in the Time of great 
Heats an exceſſive Evaporation at leaſt ex- 
hauſts the Emanations of odoriferous Corpuſ- 
cles. 2. In the Morning, the Roſe itſelf has 
ſcarcely any Scent. The Reaſon is, becauſe 
then the Cold hinders the Evaporation. Be- 


Farther, whatever Cauſes are capable of bringing Foſſils and 
Metals into Action, or giving Motion to their Parts, are capable 
of making them Odorous, tho' of themſelves they are perfectly 
Scentleſs. And, according to their Nature, or ſpecific Cha- 
rafters, together with the Nature of the Operation they under- 
go, the Scents they afford are varied. A ſtrong Odour is inſtant- 
ly produced from ſcentleſs Bodies, when Sal-armoniac is mixed 
with Quichlime. In the Preparations of the golden Sulphur of 
Antimony, the Scent of Human Dung is momentaneouſly pro- 
duced from Bodies that before are partly inodorous, and partly of 
a grateful acid Odour. A ſtrong Aromatic Scent is cauſed by 
the Mixture of pure Alcohol and Spirit of Nitre. And laſtly, a 
violent Odour may be- inſtantly deſtroyed, by pouring Spirit of 
Nitre to any ſtrong alkaline urinous Spirit. Vide Sha s Chym. 
part 2. p. 328. *S | 
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ſides, that the olfactory Nerves are not ſo free 
in the Morning, but more encumbered with 
Humours. 

Arif. I remember a Phenomenon, Eudox- 
25, that ſeems to overturn your Syſtem. I 
have ſeen in the Royal Garden of Plants a 
Flower which ſends forth no Odour, or very 
little, in the Heat of the Day ; but towards E- 
vening, when the Heat is gone, it diffuſes its 
Scent plentifully. 

Eud. That happens, becauſe in the Heat 
the Corpuſcles, which are evaporated from 
the Flower, are too much attenuated by the 
exceſſive Heat ſenſibly to affect the Organ of 
Smelling; and becauſe, after the Heat is 
over, being leſs attenuated, more united by 
the Cold, and more groſs, they are in a Con- 
dition to make a ſenſible Impreſſion. 

Ariſt. But whence ariſes the Difference of 
Odours ? 

Eud. From the Difference of the Maſs, the 
Figure, and Motions of the Corpuſcles. Cor- 
puſcles that are too groſs, too pointed, or too 
much agitated, diffuſe a diſagreeable Smell; 
becauſe thoſe that are too groſs, move the Or- 
gans too much; thoſe that are too pointed, 
penetrate too far; and thoſe that are too much 
agitated, do both the one and the other, and 
tear the Organ. Corpuſcles of a moderate 
Smallneſs, more round and leſs ſharp, whoſe 
Agitation is neither too feeble nor too ſtrong, 

pleaſe 
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pleaſe the Senſe of Smelling, becauſe they 
only tickle it without wounding. Hence, 
1. Commonly, other Things being equal, Bo- 
dies of a very ſweet Smell 3 their Scent 
longeſt, becauſe they exhale only ſmall Cor- 
puſcles. 2. Sometimes an Odour, which plea- 
ſes at a certain Dſtance, becomes inſupport- 
able when nearer. The Reaſon is, becauſe 
being nearer it wounds the Organ of Smelling 
by the Exceſs of its Motion. 3. Sometimes 
from a Mixture of two Odours, which are a- 
greeable to the Smelling, each by its ſelf, 
there ariſes a Third, which one can ſcarcely 
endure, becauſe the Mixture renders the Mo- 
leculæ too groſs, too ſtrong, and capable of 
wounding the Organ. 4. Sometimes on the 
contrary, from the Mixture of two offenſive 
Odours there reſults an agreeable one, the 
Reaſon of which probably is, becauſe then the 
Mixture cauſes Fermentations which diminiſh 
the moleculz; or becauſe it blunts the Par- 
ticles that are too ſharp, and finally gives 
them Motions and Figures capable of agitat- 
ing and tickling the Organ of Smelling, with- 
out wounding. 

Sometimes Smells wound and hurt in ſuch 
ſort as to cauſe Death. You have heard Peo- 
ple talk of Rattle-Snakes, which are to be found 
in ſeveral Places of America. They are fo 
called, becauſe with the End of their Tails 
they make a Noiſe like that of Bells. They 
have a forked Tongue, and long and ſharp 

. | | Teeth 
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Teeth; they are conſiderably big, about five 
Foot long, and very dangerous. But if one 
faſten ſome Leaves of wild Pennyroyal, or 
Virginia Dittany, to the End of a great cleft 
Stick, and hold it very near the Noſtrils of a 
Rattle-Snake, the Smell kills it in leſs than 


| Half an Hour. Accordingly, wherever this 


wild Pennyroyal grows, there are none of 
thoſe Serpents to be ſeen v. Probably the Smell 
ſtops the Paſſages of Reſpiration in theſe A- 
nimals, or ferments with the Blood ſo as to 
ſuffocate them, whether by tearing the Paſ- 
ſages of the Blood, or by ſhutting up thoſe of 
m_ _—_— 3 | 
Ariſt. What we have ſaid of the Smell and 
Taſte, brings to my Mind with freſh Pleaſure 
what I have read of the Earth of Patna A. 
It is an admirable Earth. In Mogu/ they 
make of it Veſſels, Bottles, Flaggons, ſo ſmall 
and ſo light, that ſometimes one may ſee them 
flutter about at the pleaſure of the Winds, 
The Water in theſe Veſſels takes the Smell and 
Taſte of the Earth whereof they are made, 
and becomes delicious. But what moſt 
tickles my Fancy is, that after having drunk 
the delicious Water, they greedily eat up 
the Bottle itſelf; inſomuch that the Indian 
Women, when with Child, are furiouſly in- 


Journ. des Sgav. 1666. p. 113. 
+ Mem. de Trevoux. 1703. May. p. 855. 
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clined to eat up the Diſhes, Pots, Bottles, and 
all the Veſſels of the Houſe. 

Eud. I am apt to think that a Conver- 
fation upon Sound will bring to your Mind 
Ideas ſtill more diverting. | 

Ariſt. J have Reaſon to hope that with 
the firſt Opportunity I ſhall learn why the 
Sound of your Voice affords me ſo much 
Pleaſure. 
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CONVERSATION XIII, 


Upon the Organs of Hearing, and upon 
| Sounds. 


Eud. HE Organ of Hearing contributes 

too much to the Happineſs of Life, 
not to deſerve our Enquiry. To this, Ariſtus, I 
owe the Pleaſure which I feel in your Conver- 
ſation. Were we depriv'd of this Organ, there 
would be nothing deſireable in our Com- 
merce with Mankind: Whatever Charms 
there are in the moſt moving Symphonies, 
and the ſweeteſt Concerts, they would be all 
loſt to us. 

Ariſt. I ſhould be * Eudoxus, if 
you would give me, at leaſt, a ſhort Deſcrip- 
ton of ſo charming an Organ. 

Eud. There are obſerved in the Ear ſeveral 
principal Parts, diſpoſed in this Order, Fg. 18. 
the external Part (a), the Shell (5), the Drum or 
Tympanum (c), the Cavity of the Tympanum, 
the Labyrinth (d), the Cochlea (e), and the audi- 
tory Nerve (J). The external Part is ſufficiently 
known to every Body. The Ladies adorn ir, 
loading ir with Pearls or Diamonds ; vain 


Ornaments that deſerve not our Attention. 
The 
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The Shell is a long winding Paſſage, which is 
extended from the external Part to the Drum; 
the Drum or Tympanum is a little chin Skin, 


dry, tranſparent, and extended like the Skin 
upon a Drum. Behind the Tympanum is a 


Cavity fill'd with Air, which comes by a long 


and narrow Canal that is terminated in the 
Mouth on the Side of the Palate, and is cal- 
led the Labyrinth (g). There are in this 
Cavity three ſmall Bones, which by Reaſon of 
their Shape, are called the Hammer (5), Anvil 
(), and Stirrup (J). The Tympanum has a 
Communication with the Labyrinth by two 
Holes, which are like two ſmall Windows. 
The Labyrinth is a Cavity that contains ſeve- 
ral Pipes. Theſe Pipes make their ſeveral 
Windings and Turnings backwards and for- 
wards. A narrow Paſlage affords Acceſs from 
the Labyrinth into the Cochlea. The Coch- 
lea is a Cavity ſo called, becauſe of its Shape. 
Finally the auditory Nerve is a Nerve whoſe 
Fibres cover the Bottom of the Cochlea. 

Ariſt. After this one may thoroughly un- 
derſtand how the Senſation of Sound is 
form'd. The external Part of the Ear is diſ- 
poſed in a Manner fit for uniting the Sound in 
the Shell. | 

Eud, Accordingly they have the moſt 
exquiſite Senſe of Hearing, in whom the 
external Part of the Ear is moſt extant and 
conſequently better diſpoſed to unite the 
Sound in the firſt Paſſage; and thoſe, in 
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whom this Part is defective, ſupply it at leaſt 
in ſome meaſure by an Ear-trumpet, or by the 
Hand crooked in the Shape of a Horn. 
Ariſt. The Sound being united in the firſt 
Cavity, but deadned in its Windings, that it 
may not wound the delicate Membrane of the 
Drum, is communicated to the Membrane; 
the Membrane communicates it to the Air of 
the Cheſt; this Air conveys it through the 
Labyrinth to the Cochlea, where a ſono- 
rous Impreſſion is diffuſed over the Fibres 
of the auditory Nerves; and fince ſen- 
fible Impreſſions do not paſs to the Soul but 
by the Nerves, the auditory Nerve, without 
Doubt, tranſmits that of Sound even to the 
Seat of the Soul. Inſomuch that, proper- 
ly ſpeaking, the auditory Nerye 1s the princi- 
pal Organ of Hearing, ſince this Nerve tranſ- 
mits immediately to the Seat of the Soul that 
Impreſſion which is forthwith followed by 4 
Senſation of Sound. | 

Hence it is, that the Senſe of Hearing is 
commonly more dull in old Men; becauſe the 
Tympanum and the Fibres of the auditory 
Nerve, growing more ſlack through a de- 
fect of animal Spirits, communicate the 
Sound more feebly. But, Eudoxus, what is 
Sound? 

Eud. That you may underſtand, and I may 
explain my ſelf the more clearly upon this 
Head, I ſhall obſerve in the firſt Place, that 


when one hears a Noiſe or ſome Clap, there 
is 


ß 
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is no ſuch like Thing without the Soul as 
what we hear. Without our Soul there is 
nothing but Motions of Parts in divers Man- 
ners; and conſequently” the Noiſe, the Clap, 
which we hear, is properly nothing elſe but 
a Modification of our Soul. | 

This being laid down, Sound“ may be con- 

| | ' _ > fidered 


A Sound is nothing but a certain Refraction or Modulation 
of the external Air, which being gather'd by the external Ear, 
paſſes through the Meutus Auditorius, and beats upon the Mem- 
brana Tympani, which moves the four little Bones in the 'Tym- 
panum. In like Manner as it is beat by the external Air, theſe 
little Bones move the internal Air which is in the Tympanum and 
Veſtibulum: Which internal Air makes an Impreſſion upon the 
Auditory Nerves in the Labyrinth and Cochlea, accordingly as it 
is moved by the little Bones in the Tymp2num: So that, according 
to the various Reſractions of the external Air, the internal Air 
makes various Impreſſions upon the auditory Nerve, the imme- 
diate Organ of Hearing; theſe different Impreſſions repreſent 
different Sounds. The curious Structure of the Labyrinth and 
Coc blea, render the weakelt Sounds audible; for the whole Organ 
of Hearing being included in a ſmall Space, had - the auditory 
Nerve run in a Araight Line, the Impreſſions had been made 
but upon a very ſmall Part of it, and the Strength of the Impreſ- 
ſion being, Cæteris paribus, always as the Number of Parts up- 
on which the Impreſſion is made, Sounds which are now 
low, could not have been heard at all. If the Auditory, Nerve 
had, like the Retina, been expanded into a large Web, which 
had coyer'd or lind ſome wide Cavity, the Impreſſions of Sounds, 
even in this Caſe, had been much weaker than they are now ; For 
this large Cavity had given Room to the Sounds to dilate, and all 
Sounds grow weaker as they dilate, Both theſe Inconveniences 
are prevented by the preſent Structure of the Labyrinth and Coch- 
lea, whoſe Channels, by their winding, contain large Portions of 
the Auditory Nerve, upon every Point of which the ſmalleſt 
Sound being once impreis d becomes audible, and by their Nar - 
rowneſs, the Sounds are hindred from dilating, and the Impreſ- 
Bons made upon the Nerve by the firſt Dilatations, which are 
always the ſtrongeſt, The Strength of the Impreſſion in narrow 
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ſidered either as being in our Soul, or in the 
Sonorous Body, or in the Fluid, which im- 
mediately ſtrikes the Organ of Hearing. In 
our Soul there can be nothing but a Senſa- 
tion. In the Sonorous Body there is a ſhaking, 
a certain Number of Vibrations, not total but 
rticular, or of all the ſmall Parts of this 
ody ſet a going by a Spring one after another 
by Percuſſion. When, for Example, one 
pinches the 'String of an Inſtrument, there 
happen total Vibrations, or of the whole String; 
it may be perceiv'd by the Eye. There like- 
wiſe happen particular and imperceptible ones, 
| or 


Chennels is likewiſe encreaſed upon the Account of the Elaſticity 
of the Sides of the Bony Chanel, which receiving the firſt and 
ſtrongeſt Impulſes of the Air, do reverberate them more ſtrong- 
ly upon the Auditory Nerve. Kei/s Anat. p 214. That the 
Air is the Subject, or Medium of Sound, is manifeſt from the 
Experiments in rarifiꝛd and condenſed Air. In an unexhauſted 
Receiver, a ſmall Bell may be heard at the Diſtance of ſome Px 
ces; but when exhauſted, it can ſcarce be heard at the neareſt 
Diſtance: And if the Air be compreſſed, the Sound will be 
louder, proportionably to the Compreſſion or Quantity of Air 
crouded in. See Philo. Tranſ. No 321. 

Among many Varieties, both in the inner and outer Ear, thoſe 
which appear in the Paſſage into the Rock-bone, are remarkable: 
For in an Orv/, that perches on a Tree or Beam, and hearkens 
after the Prey beneath her, it is produced farther out above 
than it is below, for the better Reception of the leaft Sound. But 
in a Fox, that ſcenteth underneath the Prey at Rooſt ; it is for the 
ſame Reaſon, produced farther out below. Ina Pole-Cat, which 
hearkens ſtraight forward, it is produced behind ; for the taking 
of a forward Sound. Whereas in a Hare, which is very quick of 
Hearing, and thinks of nothing but being purſued, it is ſupphyd 
with a Boney Tube, which a a natural Otocouſtick, is fo di. 
rected backward, as to receive the ſmalleſt and moſt diſtant Sound 
bo comes behind her. Grer's Co/molog. Sacr. Book I. cap. v 
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or proper to the inſenſible Particles. The String 
bends at firſt, it cannot bend without growing 
longer, nor grow longer without having its 


Parts moved to a greater Diſtance from one 


another. Afterwards it is ſhortned and re- 
ſumes its former State by the Efficacy of its 
Spring. It cannot ſhorten without having its 
{mall Parts drawn nearer one another. This 
alternate Motion is repeated, and theſe are 
the particular Vibrations. Now it is in theſe 
particular Vibrations that the Sound of ſono- 
rous Bodies conſiſts ; or rather it is theſe Vi- 
brations that produce the Sound of the Fluid 
which — them. For if with your 
Fingers you draw together the two Branches 
of Nippers, the one againſt the other, and 
then open them ſuddenly; the two Branches, 
as M. de la Hire has obſerv'd b, make very 
ſenſible Vibrations, and very ſtrong, without 
giving any Sound, becauſe they are only total 
Vibrations. But if, while you hold the Pin- 
chers bended with your Finger, you ſtrike one 
of the Branches, they give a pretty clear 
Sound, although the total Vibrations be ſmal- 
ler than the former, becauſe the Percuſſion 
cauſeth in all the Parts of the Pinchers im- 
rd Tremulations and particular Vi- 
rations. 4 
Set ſome, ſmall Balls upon an Anvil; ſtrike 
with an_ Hammer upon one of its Extremi- 


d Mem. de PAca1.1716. p. 266. Hit. p. 66. oP? 
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ties; you will ſee the ſmall Balls 17 Now, 
whence does that proceed but from the 
tremulous Motion of the imperceptible Parts 
of the Anvil? Slide your Finger along the 
Brim of a Glaſs almoſt full of Water, the 
Glaſs trembles; and you may ſee the Water 
quiver ſo as to fly out of the Glaſs, and fal 
down again like Rain. In all theſe Experi- 
ments, the Anvil, the Glaſs, and the Water 
make a Sound. 
The Vibrations of Thouſands of Particles, 
of unequal Bigneſs and Figure, direct their 
Action frotn all Sides, drive out the internal 
Air, and beat upon the external Air at the 
ſame Time the internal Air driven out beats 
upon it, and ſo produce a Sound in the Fluid. 
But finally what is Sound in the Fluid, which 
moves the Organ of Hearing, and is fimply 
call'd Sound ? 

Ariſt. That is exactly what I require, 

Eudox. Sound conſiſts in the quavering or 
Vibrations of the Air, moved with great Ce- 
lerity. 1. They are Vibrations that produce 
Sound, if Bodies can only eauſe Vibrations in 
the Fluid that reſounds. Now this is what 
we obſerve every where. For the ſmall Part 
of Bodies that are elaſtick being ſtruck; for ex- 
-ample, the Parts of a Bell that is rung, or of 
a String of a Violin that is pinched, can pro- 
duce nothing but Vibrations and Tremblings 
in the Fluid which ſurround them, There- 
fore they are Vibrations. And in ſhort, the 


I Vibra- 
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Vibrations of the ſonorous Body muſt produce 
Vibrations in the Fluid that touches it. 

2. They are Vibrations of the Air; we 
know that in the Receiver of an Air Pump, 
the Sound of a little Bell, or a repeating 
Watch, diminiſhes in Proportion as the Air is 
pumped out. 

3. They are Vibrations of the Air moved 
with great Swiftneſs ; ſince we know by Ex- 
perience, that Sound reaches 180 Fathoms in 
one Secand, and conſequently in an Hour 
would reach farther than 283 French Common 
Leagues, if no foreign Obſtacle oppoſed its 
Courſe. Sound then conſiſts in Vibrations or 
Quaverings of the Air moved with great 
Swiftneſs, IS 

Accordingly, 1. When a Drum is beat near 
ſome calm Water, there are Vibrations — 
ceived on the Surface of the Water; which 
Vibrations can immediately proceed from no- 
thing but the Quaverings of the Air. 

2. By the ſame Reaſon, when the Strings 
of Muſical Inſtruments are pinched near, a 
Sun-beam which diſcovers Atoms in the Air, 
we may ſee in theſe Corpuſcles Vibrations 
conformable to thoſe of the pinched Strings. 

3. Upon the ſame Principles, it is often 
ſeen that upon Occaſion of certain ſtrong 
Sounds, as of the Drum, Bells, and Baſs-Viol, 
Glaſs-Windows and Plates ſhake, and ſome- 
times People even feel a certain Motion with- 


in themſelves. 8 
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Ariſt. Your Notion of the Nature of Sound 


ſeems to me, Eudoxus, to be true; but I am k 
in a Diſputatious Humour, T muſt have the P 
pleaſure of contradicting; and 1 do it the 0 
more willingly becauſe this ill-natur'd Plea- * 
ſure can be directed to no better End than ſee- ft 
ing the Truth in a ſtronger Light: The Buſi- 
neſs in Hand, Eudoxus, is to explain the Pro- A 
duction, Propagation, Reflection, Augmenta- ly 
tion, and Diminution of Sounds. * 
Eudox. The Particles of ſonorous Bodies, of * 
a Bell for Example, having their Springs ſer a to 
going by Percuſſion, they unbend, approach gr 
and withdraw from one another by Turns. N 
Theſe are Quaverings, and particular Vibra- as 
tions. The particular Vibrations, when they BE 
have certain Degrees of Force, cauſe ſingular Wi 
Vibrations in the Air, which is always ready 
to communicate them to the Organ of Hear- 18 
ing; and this is the Production of Sounds. ev 
Ariſt. Is it any Thing probable that the 
Particles of Bodies, even the hardeſt, ſhould pr 
have their particular Vibrations, and thoſe ur 
proper for paſſing into the Air? | fla 
Eudox. Theſe Particles having their Inter- do 
ſtices, and being of unequal Size, Figure and alt 
Firmneſs, and unequally faſtened together, th 
muſt naturally receive by Percuſſion unequal 
Quantities of Motion, and Directions toward re 
a thouſand different Parts ; which Directions 
ſometimes remove them from one an- im 
other, and ſometimes bring them nearer to WI 


One 
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one another; and conſequently Vibrations pro- 
per for being 1 into the Air. 

Ariſt. But how can Sound, produced in 
the Air by Vibrations of imperceptible Par- 
ticles, diffuſe itſelf ſo far, ſo ſwiftly, and in a 
ſtraight Line ? | 10 

Eudox. The Laminæ and ſmall Portions of 
Air may be conſidered as ſo many ſmall Balls 
lying contiguous, whoſe Spring is very quick, 
and diſpoſed in a ſtraight Line. The Vibra- 
tion, which in the Beginning is communicated 
to the firſt, muſt paſs ſucceſſively, but with 
great Celerity into the others. Range a large 
Number of Billiard-Balls in a ſtraight Line, ſo 
as to touch one another ; the Impreffion 
which you give to the firſt paſſes ſucceſſively but 
with great Swiftneſs, even to the moſt remote. 

Ariſt. But Sound at the ſame Time that it 
is communicated in a ſtraight Line, is diffuſed 
every way, E ER 

Eudox. The little Balls of Air being com- 
preſs d grow flat, at the ſame Time they act 
upon thoſe which are before them. Being 
flatted they extend to the Right and the Left, 
downward and upwards, and are dilated. This 
alternate Action is univerſal. Hence it is 
that Sound is diffuſed every way. | 

Ariſt. Sound being diffuſed every Way is- 
reflected when it encounters any ſolid Bodies. 
Eudox. It is reflected becauſe it finds them 
impenetrable, not communicating to them its 
whole Motion; and becauſe their Elaſticity fa- 
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vours the Reflection. This Reflection pro- 
duces an Effect very ſingular. Suppoſe we 
are in a vaulted Hall, the Vault whereof 
is uniform and ſmooth; ſuppoſe we are in 
two Points directly oppoſite. If you apply 

our Mouth to one of the Walls of the 
Hall and I my Ear to the Wall directly oppo- 
ſite, you may ſpeak with a very low Voice, 
and I ſhall hear you; you may entruſt me 
with a Secret, and thoſe who are betwixt us 
two in the Middle of the Hall, will hear no- 
thing of it. When you ſpeak, the Air being 
reflected by the Wall which is before you, and 
by your Body, ſpreads the Impreſſion it hath re- 
ceived towards the Vault. This Impreſſion 
being reflected ſucceſſively by divers Points of 
the Vault, takes a Direction which carries it 
to the other Wall, and that returns it back to 
my Ear. The Air being compreſſed by this 
Impreſſion, and ſeeking to be dilated every 
way, ſtrikes my Organ, and makes me the 
only Depoſitary of your Secret. 

Ari. But do you find in theſe Reflections 
of Sound the Nature and Properties of the E- 
cho? Eſpecially that in Woodſtock Park in 
England, which repeats diſtinctly, as we are 
aſſured, ſeventeen Syllables in 'the Day and 
_pwenty in the Night“? 

Eudox. The Echo ſo much celebrated by 
the Poets, is nothing elſe but a flow and re- 
flected Sound, which comes with the ſame Mo- 

| » Jeurn. des Sgav. 16. Aodft. 1677. 
dification 
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dification to ſtrike the Organ of Hearing as 
the dire& Sound, when this makes no far- 
ther Impreſſion. Accordingly the Echo does 
not ſound, but when the Place which reflects 
the Sound is at ſome Diſtance from us. A 
ſolid Surface, concave, and ſomewhat diſtant, 
ſeems proper for an Echo. If ſolid, it will 
reflect the Sound with the ſame Vibrations, 
If concave, it will hinder it from diſſipating, 
and unite it in ſome certain Place. And in- 
deed we find that vaulted Places, Caves and 
Churches are - moſt ſonorous. If it be ſome- 
what diſtant, it will bring the Sound back to 
us, when this Impreſſion of what we heard 
at firſt ſubſiſts no longer. Several Surfaces 
of this Kind ſituate after ſuch a Manner as 
to receive ſucceſſively the ſame Sound, and 
return it ſucceſſively, will be ſo many Echos 
which will all tell us again, but one after an- 
other, and without Confuſion, whatever we 
have faid to them: And if they repeat more 
in the Night than in the Day, the Reaſon is 
becauſe in the Silence of the Night the Air 
being more calm, or leſs agitated with divers 
Motions, conveys to us more eaſily, and from 
a greater Diſtance, the Impreſſions which it 
receives. 

Ariſt. I know not whether upon the ſame 
Principles you will be able to explain the Ef- 
ficacy of the Speaking Trumpet. 

Eudox. According to the fame Principles, 
if the Speaking Trumpet unite” and direct = 
17 
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brations of the Sound toward the ſame Place, 
It. muſt carry the Voice farther, as it does. 
But it unites and directs them in ſuch Sort: 
For not only doth it hinder the Sound, that 
comes out of the Mouth, from being diſſipat- 
ed in its coming out; but after having re- 
flected towards the Axle- tree of the Speaking 
Trumpet a great Number of agitated Par- 
ticles of Air, it directs them in that Paſſage, 
after they come out of the Speaking Trum- 
pet, by Lines which are united again in the 
Axis but at a good Diſtance, or by Lines which 
are nearly parallel to the Axis. 

Ariſt. It is aſtoniſhing that Sound ſome- 
times increaſes and grows ſtronger. Ought 
not Motion always to diminiſh in Proportion 
as it communicates itſelf? 


ud. When the direct Sound, or that which 


comes directly to us from the ſonorous Body, 
and the reflected Sound, or that which being 
ſeparated from the ſonorous Body, and ſtrik- 
ing the neighbouring Bodies, is reflected to- 
wards our Ear, are joined together, the two 
Sounds united become conſiderably ſtrong. 
For though the reflected Sound takes a longer 
Journey to come to us, than the direct Sound, 
the Difference of Time is inſenſible in ſmall 
Diſtances by Reaſon of the extreme Swiftneſs 
of the Motion. Upon which Account it is 
that the Sound is more or leſs ſtrong, accord- 
ing as the Reflexion is more or leſs lively. 
Hence it is that a Room that is wainſcotted, 

| or 
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or one that has only bare Walls, reſounds 
more than a Room hung with Arras, where 
the Reflexion is more feeble. | 

Ariſt. When the two Sounds are not united, 
both the one and the other diminiſh by little 
and little. FE 

Eudox. That is becauſe the Vibrations of 
the agitated Air always diminiſh in Propor- 
tion as it communicates its Force. 

Ariſt. But the Gentlemen of the Royal A- 
cademy of Sciences have obſerved, that Sound, 


which diminiſhes, doth in the End diffuſe it- 


ſelf with the ſame Swifneſs as in the Begin- 
ning. 

- That muſt happen, if in Sound 
ſtrong in the Beginning and in Sound which 
is become weak, the Vibrations or the 
Compreſſion and Dilatation happen in | a 
ces of Time ſenſibly equal; for by that 
Means it is that the Sound is diffuſed. But 
they happen in Spaces of Time ſenſibly e- 
qual. The Vibrations of ſtrong Sound are grea- 
ter, thoſe of weak Sound are ſmaller in Pro- 
portion ; but both the Greater and the Smal- 
ler happen in equal Time, as do thoſe of Pen- 
dulums. In ſhort, if the Extremities of the 
Laminæ, or Particles of the ſtrong Sound, have 
more Swiftneſs, they have a longer way to go 
proportionally in the Compreſſion and Dilata- 
tion. For as the Exceſs of Force compreſles 
them the more, they take a greater Round to 

come 
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come near one another, and conſequently they 
do the ſame alſo in removing from one an- 
other, in Order to reſume their former Exten- 
ſion. On the contrary, if the Extremities of 
the Laminæ or Particles of the weakened Sound 
have leſs Swiftneſs, they have leſs Way to go: 
Therefore, &c. 

Ariſt. But if the Laminæ of Air have more 
Swiftneſs, when the Sound is ſtrong, than 
when weak, as they have an equal Bulk they 
muſt have more Motion. Now, having more 
Motion they muſt ſpread the Sound farther in a 
determinate Time. | 

Eudox. They muſt not, if they have more 
Way to make in Proportion for accompliſhing 
their Vibrations : But they have more way to 
make in Proportion, fince they are more com- 
preſſed. 

Ariſt. A Billiard Ball carries its Impreſſion 
ſo much farther in a certain Time, the more 
Motion it hath received; why then ſhould 
not the Air when ſtruck do the ſame? 
Eudox. There is a Difference. The Motion 
of the Billard-Ball is a Motion of Tranſpor- 
ration, which only removes the Ball from the 
Place where the Motion begun. But the Mo- 
tion of the Air is a vibratory Motion, ſolely 
employ'd in driving forward the Extremities of 
the Lamine of Air towards a common Cen- 
ter, and in removing them from it again. 


But theſe Extremities are equally moved * 
this 
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this Center in a determinate Time, whether 
they have more or leſs Swiftneſs, becauſe 
in Proportion to their having leſs they ap- 
proach the leſs towards the Center in their 
Compreſſion. . 

Ariſt. Sounds ought at leaſt to deſtroy one 
another, as I take it, when they croſs one an- 
other or come from oppoſite Parts. 

Eudox. 1. When two Pipes croſs one an- 
other, the Impreflions which come from their 
Extremities croſs one another without de- 
ſtroy ing either: Why then ſhould Sounds by 
their croſſing deſtroy one another? The Air 
that is in the Point of Section is alternately 
ſubſervient to the two Impreſſions, or the Lines 
which croſs and paſs through one another. 2. 
When Sounds come from two oppoſite Pla- 
ces, there are properly but two ſonorous Rays 
which are directly oppoſite. The reſt croſs 
one another, or inſinuate into one another, as 
it happens in Circles of Water which mu- 
tually penetrate each other. If the Rays dis 
realy oppoſite are not of equal Force, they 


reciprocally change the Impreſſion like two e- 


laſtic Billiard-Balls, which ſtrike againſt one 
another with unequal Force. 

Ariſt. Some farther Light, Eudoxus, into 
the different Tones, and I am farisfied. 

Eudox. The Tone is the Relation of one 
Sound to another, which is only the Sound 


modified; and ſeeing Sound conſiſts in Vibra- 


tions 
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tions, the diverſity of Vibrations makes dif. 
ferent Tones. For which Reaſon it is that 
the Length, Bigneſs, and bending of ſonorous 
Bodies make the Sounds or Tones to vary, 
ſince they cauſe a Variety in the Vibrations. 
For example; two ſtrings that are homoge- 
neous, of equal Tenſion, of equal Diameter, 
equal in Length, are in Uniſon; but if their 
Lengths are as one to two, or the half of one 
the other, they are an Octave above one an- 
other; that is to ſay, the one makes two Vi- 
brations, while the other makes one. If their 
Lengths are as two to three, or as three to 
four, the Strings ſound a Fifth, a Fourth. If 
the Vibrations are quick and very frequent in 
a determinate Time, it is an acute Sound or 
Tone. And the Tone is ſo much the more 
acute, as the Vibrations are more acute and 
frequent. Hence it is that a String ſhorter 
but equally bended gives a more acute Sound, 
becauſe in equal Times it makes a greater 
Number of Vibrations, or Vibrations more 
ſupported, if I may ſo ſpeak, by one another. 
Conſequently, Vibrations leſs quick. and more 
rare, make a grave Tone. Accordingly the 
leſs frequent the Vibrations of ſonorous Bodies 
are in equal Times, the graver is their Sound. 
Hence the Sound of Strings, which are longer 
or leſs bended, is more grave. The total Vi- 
brations of ſonorous Bodies do not make the 
Sound, as we have before ſaid, but determi- 
nate the Tone. 

I 
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If the Vibrations are quick, diſtin, and 
without Confuſion, it is a clear Sound. Vi- 
brations that are crowded, confus'd and dull, 
make a quite oppoſite one. For which Rea- 
ſon it is, that when the Glottis and Wind-pipe 
are impregnated with groſs Humours, which 
diminiſh the Spring of the Organ, deaden 
and confound the Vibrations, it makes a fort 
of Hoarſeneſs. 28 

Feeble Sounds or Tones are ſmall Vibra- 
tions. The mote feebly the String of an In- 
ſtrument is pinched, the ſmaller are the Vi- 
brations and the weaker the Sound. Conſe- 
quently ſtrong Sounds proceed from great Vi- 
brations. The more Motion you give to the 
Strings of Inſtruments, the greater are the VI“ 
brations and the ſtronger the Sounds. Hence 
it is that the Sound of a Lute grows continu- 
ally weaker from the Beginning to the End, 
without any change of the Tone; becauſe the 
firſt Vibrations of a String that is juſt pinch'd, 
are much greater than the laſt, though they 
be of equal Duration (). od 

Sounds are reſounding while the Vibrations 
are numerous, ſtrong, and durable. Hence, 
Bells, which produce fimilar Vibrations, con- 
cave and vaulted Places, where the Reflections 
reunite the Vibrations and make the reflected 
Sound ſucceed the direct, reſound very much. 


(*) Hiſt. de Acad. 1700. p. 137. * | 
Why 
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Why are old Inſtruments commonly the beſt? 


When the Wood is newly cut, its Fibres are 
Veſſells full of Sap. In Proportion as the 
Wood grows old, this Sap is diſſipated, and * 
the Veſſells are dried up: Conſequently the Fi- Pe 
bres are more disjoined the one from the o- * 
ther, and more moveable; the Intervals they hs 
leave permit them to make their Vibrations 6 
more eaſily; by making them often, they come * 
to make them with greater Facility; the Tone 155 
of the one is leſs changed by that of the other. ty 
Hence, old Inſtruments reſound more, and be- W 
come better. Sometimes alſo Inſtruments that * 
are broken and mended again, are thereby ren- pot 
der'd more ſonorous. The Breach ſhortens dif 
the Fibres that were too long. Generally in the 
ſonorous Bodies, the _—__ - — "i 
Bigneſs, Bending, Spring, Figure, Lightn the 
Weiphr Thickneb, — Softneſs, cauſe a Va- ¶ cha 
riety in the Sounds; becauſe the. Air is there- fen: 
by diverſely modified. Accordingly two a 
Strings equally bended, of equal Length, but ¶ cau 
of different Thickneſs, the one for example of ne 
Iron, and the other of Gold, give different hi 
Sounds, the ſecond a Sound more grave. than of 
the firſt. my agr 
Ariſt. But finally what is an agreable Sound 7 
or Tone? And what is a rude or diſagreeable Ws, 
one? ; brat 
Eudox. For the better comprehending this, of! 
let us firſt inquite into the Metaphyſics them- Nit m 


ſelves 
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ſelves for the Principles of Agreeableneſs and 
Diſagreeableneſs. 

1. Our Souls, which are naturally curious 
and always deſirous of Happineſs, love ſimple 
Perceptions, becauſe they are a Kind of Know- 
ledge, which is neither intricate nor fatiguing; 
and various Perceptions, becauſe theſe are like 
ſo many different Sources of Happineſs, and 
ſuch as do not bring along with them the Te- 
diouſneſs of Uniformity. A certain Simplici- 
ty that is varied, a Variety without Confuſion, 
or that is not too complicated, affects us. On 
the contrary, Perceptions that are too com- 
pounded, too much mixt, or too uniform, ſoon 
diſpleaſe us; the firſt, becauſe they fatigue ; 
the other, becauſe they make us uneaſy. The 


Soul does not love Uniformity in any Thing 


that is fleeting, becauſe ſhe quickly perceives 
that Happineſs is vainly ſought for in the pre- 


ſent Object. 


2. The Motions which diſorder the Body 


Cauſe diſagreeable Senſations in the Soul, to ad- 


moniſh her to remedy the Evil. Motions 


W which are uſeful for the preſent Conſtitution 


of the Body, commonly produce in the Soul 
agreeable Senſations. - 

This being granted, the Agreeableneſs of 
Sound conſiſts in a certain Conformity of Vi- 
brations, which cauſe a Change in the Organ 
of Hearing, but without injuring it. In ſhorr, 
it muſt produce in the Soul, which loves both 
Vo. II. 8. * Sim- 
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Simplicity and Novelty, ſimple and various 
Perceptions without ſhocking her in any De- 
gree, By a contrary Reaſon, a rude and diſ- 
agreeable Sound conſiſts in Vibrations too com- 
pounded, or capable of hurting the Fibres of 
the Organ of Hearing. 
Sounds, which of themſelves would no way 
pleaſe, may pleaſe notwithſtanding, becauſe 
they may have been ſo often united with thoſ 
that pleaſe and bring them fo lively to Re. 
membrance, that they almoſt produce the ſame 
Effect. | 
Ariſt. But whence can proceed the extreme 
Difference of Taſte in Nations for Muſic ? 
Eudox. Long Uſage, antient Cuſtoms, and 
arbitrary Prejudices may render that agreeabl: 


which would not be ſo naturally, and ſtife 


what is natural. 


The Fibres of the Organ being accuſtomed 


to attend to Impreſſions of one certain Kindof iſ 


Muſic acquire a Readineſs of attending to the 
fame without any Alteration, and cannot after 
that without ſome Alteration form themſelye; 


for other Kinds of Muſic, becauſe they mul 
take a quite different Bent. Hence probably 


proceeds the divers Taſte of Nations with re- 


ſpe& to Muſic. 


Ariſt. But in the Repreſentation of a furiowM 
Paſſion, a Diſorder, a Rage, &c. can one mi- 
nage the Tones in ſuch ſort that they may be 
fimple and varied within certain Bounds, with 


out altering the Fibres of the Organ ? 


Eudx 


S On My mc 5 wy 


Upon the Organ of Hearing, &c. 295 


Eudox. The Pleaſure of ſeeing Things re- 
preſented naturally employs the curious Soul, 
and renders her inſenſible to thoſe Circum- 
ſtances, which of themſelves might cauſe ſome 
Diſagreeableneſs. | 

Ariſt. I find in your Hypotheſis a natural 
Explanation of a great many very curious 
Problems. You will, Eudoxus, explain them 
ro me on the firſt Opportunity, 


8 2 CoNvkx- 
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Diers Problems upon . ounds. 


Eud. ELL then! When I put ny 
Finger into my Ear, why do! 
hear a certain Buzzing ? 

Ariſt. Becauſe the Air which is betwixt the 
Finger and the Tympanum, and is agitated by 
the Corpuſcles which iſſue out of the Finger 
by Tranſpiration, ſtrikes the Tympanum. 

Eud. Sometimes one hears, when one's Ears 
are ſtopped, and one's Mouth is open. 

Ariſt. The Vibrations of the external Air 
paſs by the Aqueduct into the Air of the if 
Cheſt, which conveys them to the Organ of iſ 
Hearing. - Ska 

Eud. A deaf Perſon holding the Extremities 
of an Harp by his Teeth, hears and diſtin- 
guiſhes the Sounds of the Inſtrument. 

Ariſt. The Vibrations are communicated 
ſucceſſively to the Teeth, Gums, Jaw-bone, if 
and to the End of the Aqueduct, which make 
it paſs into the internal Air. | 

Eud. Certain diſagreeable Sounds, as the ſet- 
ting of a Saw, ſet the Teeth on Edge. x 


ari 
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Ariſt. The Reaſon is becauſe the Vibrations 
being too rapid and hurtful which make fuch 
kind of Sounds, paſs from the Cheſt by the 
Aqueduct into the Jaw, from the Jaw to the 
Gums, and from the Gums to the Teeth. 

Eud. How many Times, Ariſtus, has the 
Monotony of Preachers lulled you aſleep? 

Ariſt. 1. Monotony produces nothing but 
uniform Sounds. The Soul being wearied 
with Uniformity, takes no Pains to keep her- 
ſelf attentive; the animal Spirits are inactive; 
their Paſſages ſhrink and cloſe up; the Impreſ- 
ſions of external Objects no longer pals to the 
Soul; and this is Sleep. 8858 

2. A Monotony, as it continually gives the 
Fibres of the Organ of Hearing the fame 
Impreſſions, and fortifies them, cauſes no more 
Changes; and whenever there are no more 
Changes made, and no more Agitation in the 
Senſes, Sleep ſeizes them. 

Eud. Pinch the String of a muſical Inſtru- 
ment: The Sound is communicated to a String 
of another Inſtrument, provided it be in Uni- 
ſon, that is to fay equally large, long, and 
extended, and conſequently diſpoſed to make 
Vibrations in equal Time. 

Ariſt. The String being pinched communi- 
cates its Vibrations to the Air; the Air com- 
municates to a String in Uniſon the Vibrations 
it hath received from a String intirely fimilar. 
The Reſemblance of the Strings occaſions the 
Vibrations, which come from the one and are 


83 proper 
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proper to it, to find the greater Hold on the 
other, and, if I may ſay ſo, more Docility in 
it. A String that is not in Uniſon, does not re- 
ceive them at all, becauſe to receive them is 
to make them in the ſame Time, and chat it 
cannot do, not being in Uniſon. 

Eud. You may ſee ſome Perſons that have 
more Taſte for Symphony and Conſorts than 
others. 

Ariſt. That is becauſe they have the Fibres 
of the Organ of hearing more ſuſceptible of ſo- 
norous Vibrations, without being offended 
thereby. Beſides it is not at all ſurprizing ac- 
cording to theſe Principles, that ſome Men 
ſhould be more affected than others with the 
harmonious Sounds of the Voice and muſical 
Inſtruments. Among the moſt ſtupid Ani- 
mals there are ſome found, which according 
to the ſame Principles probably are not inſen- 
ſible of them. One Day as I was playing up- 
on a Flute, being ſeated on the Bank of a Ri- 
vulet in a Meadow, an Aſs which was feeding 
about twenty Paces diſtant lifted up its Head 
as ſoon as it heard me, came nearer me, and 
ſtood for ſome Time about eight or ten Pace 
diſtant, ſtill very attentive; after that he came 
ſo near, that he held his Head almoſt over 
mine. He heard me quietly in the fame Po- 
ſture for the Space of half a Quarter of an 
Hour, or thereabouts, wholly taken up with 
the Sound of the Flute. I know not whether 
he was tired; but at laſt after he had heard 

7 mo 
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me very attentively, he took my Hat off my 
Head, carried it ten Paces at leaſt, and turn- 
ing his Head about, he galloped away in Pur- 
ſuit of more ſolid Food in the Middle of the 
Meadow. j 

Eud. This Fact is very ſingular. A Poet 
would ſay, perhaps, that this Aſs was deſcend- 
ed, from thoſe ar leaſt, whom the God Pan 
taught Muſic to. In general, the Taſte of 
Muſic is different in different Perſons, and in 
the ſame Perſon at different Times. 

Ariſt. This Difference of Taſte proceeds, it 
ſeems to me, from the Difference of Conſtitu- 
tions, of the Fibres, Liquors, or the animal 
Spirits. The Fibres of the auditory Nerves are 
differently diſpoſed in different Pertons, and in 
the fame Perſon at divers Times, the animal 
Spirits are more or leſs abundant, more or leſs 
ſubtile. Hence it comes to paſs, that the ſame 
Conlorts differently move the Spirits, Fibres, 
and Nerves in different Perſons, and in the 
fame Perſon in different Circumſtances. We 
may ſee a very good Proof of it in a very cu- 
rious Experiment. 

Let us take three or four Glaſſes of the 
ſame Bigneſs, and of the fame Figure, and al- 
ſo in Uniſon. Let us fill them with different 
Liquors, with Water for Example, Oil, Wine, 
and Aqua Vite. Let us ſet the Glaſſes near 
one another. Slide the End of your Finger 
ſtrongly along the Brim of one of the Glaſſes, 
and you may ſee at the ſame Time all the dif- 

S 4 terent 
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ferent Liquors tremble, ſhake and flutter more 
or leſs, in Proportion as they are more. or le; 
ſubtile. 

Theſe Differences of Tremulations produced 
in the different Liquors by the trembling of 
the Particles of one and the ſame Glaſs, muſt 
naturally be produced by the ſame Sounds in 
different Fibres, Spirits and Nerves. Now 
theſe different Impreſſions, more or leſs varied, 
more or leſs confuſed, and more or leſs capa- 
ble of hurting the Organ of Hearing, cauſe 
that Difference of Sentiments which ariſe in 
the Soul, according to the Laws of the Union 
of the Soul and Body. Hence that Variety of 
Taſte for Muſic. 

Eud. Whatever be the Cauſe of it, there i; 
nothing more powerful than Muſic for mo- 
ving both the Soul and the Body, Ir is faid* 
that King Henry IV. of Denmark, willing to 
make Trial in his own Perſon whether a Mu— 
ſician ſpoke true who boaſted, that by the Vir- 
tue of his Muſic he could make People run 
mad, experienced it fo thoroughly that he be- 
came outrageous, and in the Exceſs of his Paſ- 
ſion killed one of his Courtiers. But common- 
ly Muſic inſpires more pleaſing Sentiment. 
It produces almoſt without one's thinking on 


it, Motions that are meaſured, numerous and 
agreeable, DO 
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Ariſt. The Impreſſion of the Vibrations of 
the Air, being carried as far as the Origin of 
the Nerves, paſſes into the Soul, and puts the 
animal Spirits into a rapid Motion, determines 
them to run into different Nerves, diffuſed 
through different Parts of the Body, and is 
communicated to. thoſe Nerves, according as 
it finds them more or leſs in Uniſon. Hence, 
the Paſſions of the Soul, Madneſs itſelf, a De- 
fire of Dancing, regular Motions of the Fin- 
gers, Feet and Body. | 

Eud. Would you believe it, Ariſtus? The 
Sound of mufical Inſtruments ſuſpends Diſea- 
ſes, and cures the Sick. A famous Mufician 
fell into a very violent Delirium after ſome 
Days Ill neſs of a continued Fever < The third 
Day of his Delirium, I know not what Inſtinct 
made him defire a Conſort. "2 

They ſung to him the Songs of M. Bermer. 
Scarcely had he heard the firſt Notes, but his 
Eyes were calm, a Serenity was ſpread all over 
his Countenance, the Convulſions ceaſed, and 
he wept through Exceſs of Pleaſure. He was 
free from his Fever all the Time of the Con- 
ſort. But whenever they ceaſed finging, he 
relapſed into his former Condition. They 
failed not to continue ſo marvellous a Reme- 
dy, which always ſuſpended his Indiſpoſition, 
and alſo charmed his Friends. Even a pitiful 
Ballad made ſome Impreſſion. In ſhort, ten 
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Days Muſic, together with being once let 
Blood in the Foot, perfectly reſtored the Mu- 
ſician. 

A Dancing-Maſter of Alais had much the 
ſame Fate in the Year 1708 d. After a Fever 
of four or five Days, and a long Lethargie, he 
fell into a Delirium both mad and dumb. One 
of his Friends took his Violin while lying in- 
diſpoſed, and played to him thoſe Airs he was 
moſt accuſtomed to. People thought at firſt 
that the Player was almoſt as mad as the Pa- 
tient, but in a ſhort Time the ſick Man raiſed 
himſelf upright in his Bed with the Air of a 
Man agreeably ſurprized. In vain did he en- 
deavour to deſcribe with his Arms the Motions 
of the Airs, while they were forcibly held 
down; but the Motions of his Head diſcover- 
ed the Pleaſure he felt. At the End of a 

uarter of an Hour he fell into a deep Sleep; 
and the Criſis he had during his Sleep perfect- 
ed his Cure. | 
Ariſt. The Sound of the Voice and Inſtru- 

ments agitates the Fibres, eſpecially thoſe that 
are in Uniſon, which it hath alſo agitated an 
Hundred and a Hundred Times in Perſons to 
whom Muſic is become their very Life by a 
continual Habit; by that Means it cauſes in 
them, or brings to their Remembrance, agree- 
able Perceptions; it frees and ſets the animal 
Spirits agoing, and reſtores to them their na- 
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tural Courſe. Theſe Spirits being ſet at Liber- 
ty and moved, run into the Nerves and Muſ- 
cles, where they have been uſed to run in Or- 
der to form the Motions of certain Airs. The 
Paſſages of the Blood thereby become more 
free. The Conſtitution of the Body is again 
eſtabliſhed. Hence that ſerene Air diffuſed all 
on a ſudden over the Face of the ſick Muſici- 
an, thoſe Efforts in the Dancing-Maſter to re- 
preſent regularly the Airs played upon his Vi- 
olin; and finally the Relief and Cure which 
they owe to the Charms of their Art. | 
Eud. From the ſame Source is found a Re- 
medy againſt the Bite of the Tarantula. The 
Tarantula is a kind of large Spider with eight 
Eyes and eight Claws e. It is found not onl 
toward Tarentum, from which it hath taken 
its Name, but alſo in ſeveral Places of Italy. 
The Bite of the Tarantula, eſpecially that 
which is found in the Plains of Poizlle, is ve- 
nomous. It is quickly followed with a ve 
acute Pain, and ſome few Hours after with a 
Numbneſs. Upon this there comes a profound 
Sadneſs, and a difficult Reſpiration. The 
Pulſe grows weak, the Sight is diſturbed, and 
the Perſons loſe their Knowledge, good Senſe, 
and Motion; and it deſtitute of Help, they 
die f. Medicine makes Operations upon the 
Wound, and applies Cordials and Sudorifics; 


e Hiſt. de Acad, 1702. p. 16. f Cchotti Mag. univ. 
Part II. p. 239. 
but 
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but the moſt effectual and certain Remedy is 


Muſic. . 
When the Perſon becomes deſtitute of Know- 0 
ledge and Motion, a Muſician tries a Variety 8 
of Airs. Should he hit on that whoſe Harmo- J 
ny is ſuited to the Patient, he begins to move r 
by ſucceſſive Degrees, and keeps Time with f 
his Fingers, Arms, Legs and Body. He raiſes b 
up himſelf and dances, increaſing in Strength a 
and Activity. You may fee ſuch a one dance ri 
fix Hours without Intermiſſion. M. de St. ti 
Andre, Phyſician in ordinary to the King, fays p 
in his Letters 8, that he had ſeen a Neapo- tl 
litan Soldier, who was bit by a Tarantula, v 
dance almoſt two Days without Intermiſſion 0 
with a ſurprizing Exactneſs and Agility. When fi 
the Muſic ceaſes, the ſick Perſon gives over 0 
dancing, and is put to Bed that he may there A 
recover Strength. The ſame Air brings them tl 
out of Bed for a new Dance, an Exerciſe P 
which laſts for fix or ſeven Days. The fick h 
Perſon beginning to feel himſelf fatigued, re- tl 
covers his Knowledge and good Senſe by little p 
and little. You would ſay he had awaked I 
from a deep Sleep without any Remembrance {c 
of his Dance. Every ſick Perſon muſt have B 
a particular Air *, and always one very H 
ſprightly. ſt 
Ariſi. The Poiſon of the Tarantula thickens 

the Blood, and ſtops ſeveral of its Paſlages ; a 


s Mem. de Trev. Dec. 1726. p. 2232. b Schotti mig. 
univ. Part II. p. 239. 
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thence the Numbneſs. The Blood being thick- 
ened, furniſhes but a ſmall Quantity of animal 
Spirits; their Canals. are ſhrunk up in the 
Brain; the Nerves being deſtitute of Spirits, 
relax. Thence proceed the Inactivity, and De- 
fect of Knowledge and Motion. But the Vi- 
bration of the quick Airs, which are played, 
agitate the Blood, and the reſt of the animal Spi- 
rits, which are quickly increaſed by the Agita- 
tion of the Blood. Being agitated and multi- 
plied, they run into the Fibres and Nerves; 
the Fibres and Nerves being put into Uniſon 
with the ſonorous Strings receive their Vibrati- 
ons, and are ſhortened and extended ſucceſ- 
ſively; whence proceeds the ſucceſſive Motion 
of the Fingers, Arms, Legs, and Body, The 
Action of Dancing, augments the Agitation of 
the Blood, and makes the Patient ſweat. The 
Poiſon being agitated and attenuated, is ex- 
haled gradually by Tranſpiration. In Propor- 
tion as the Poiſon is exhaled, the ſick Perſon 
perceives himſelf eaſed. This Eaſe continual- 
ly inclines him to dance. When all the Poi- 
ſon is diſſipated by Agitation and Sweat, the 
Blood recovers its Fluidity, and uſual Courſe. 
And this is a kind of muſical Cure very a- 
ſtoniſhing. | 
Eud. Finally, Ariftus, let us endeavour 
to explain the Formation of the human 
Voice. 
Ariſt. 1 ſhall be well pleaſed, Eudoxus, to 
know more of your Opinion upon this Head: 
Neither 
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Neither will our Converſation appear to me 
too long. | | 

Eud. The human Voice is a Sound which 
Man produces in returning the Air by Expira- 
tion. But how is this Sound formed? When 
we contract the Lungs in Order to produce it, 
the Air which iſſues out of the Lungs, paſſes 
immediately from ſmaller Veſſels into other 
ſtill greater, which carry it into the Wind- 
Pipe, which is ſtill much greater and larger, 
where its Courſe becomes always more free. 
But as it cannot go out any other Way than 
by the Glottis, which is an oval Vent at the 
upper End of the Windpipe; and as this Paſ- 
ſage is very ſmall in Regard of the Length of 
the Windpipe, it augments its Swiftneſs ex- 
tremely in paſſing out. By this Exceſs of 
Swiftneſs it violently agitates the Parts of 
the two Lips of the Glottis, as it paſſes. This 
Agitation gives them an elaſtic Motion. Be- 
ing ſtraitned and prolonged alternately, they 
acquire Vibrations which paſs into the Air, 
and this is Sound or Voice . 


Arif 


+ Had it not been for the Larynx, we could have received no 
Benefit by Breathing: For if the Mouth of the Aſpera Arteria 
had been large and wide, the Air had not reſiſted that Force 
which it is thruſt out in Expiration, ſo as to make any Comprel- 
fion upon the Lungs, whereby the Globules of the Blood could 
have been diſſolved, or the Particles of both Fluids mixed toge- 
ther, which we find fo neceſſary to Life, that we die without 
it. Nor does the Larynx only preſerve Life, but it likewiſe 
conduces to render it happy and agreeable, by forming the Voice, 
which is the Sound of the Air, drove through the narrow. Chink 
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Anh. The Glottis then is the true Organ of 
the Voice: For the true Organ of the Voice is 
that which produces it immediately; now the 
Glattis produces it immediately. 


Eud, 


of the Glottis, with a Velocity greater than in an ordinary Ex- 
piration. This Sound is increaſed by the Cavities of the Mouth 
and Noſe, which reſound like the hollow of a Violin, as is evi- 
dent by the trembling to be felt in the Noſe while we ſpeak. 
And theſe Cavities not only increaſe, but alſo conduce to the A- 
greeableneſs of the Voice; for how diſagreeable is the Alteration 
of the Voice, which follows a Loſs or Stoppage of the Noſe? 
And the Dimenſions of the Mouth are always proportioned to the 
Notes formed in the Glattis, low Notes being conſtantly accompa- 
nied with a Prolongation, and high Notes with a Contraction of its 
Cavity. The Notes themſelves are formed by the different A- 
pertures of the Glottis: For when the Glottis is contraſted, the 
Air being drove by an equal Force, muſt move more ſwiftly, and 
the Sides of the Glottis being more tenſe, their Vibrations muſt 
be quicker and ſhorter, and conſequently the Note high. The 
contrary happens when the Glottis wideneth. 

Each Note is capable of all Degrees of Strength, for the 
Strength of the Voice is al. ays proportional to the Quantity of 
Air thrown out of the Larynx, in ſounding of the ſame Note. 
Now if the Strength of the Note is to be increaſed, the Dia- 
phragm, but more eſpecially the muſcular Fibres of the Trachea 
Arteria, contract more ſtrongly, and thruſt out a greater Quanti- 
ty of the Air, and the Aperture of the Glattis increaſes proporti- 
onably, that this greater Quantity of Air may paſs through with 
the "oh Velocity as before, that the fame Note may be con- 
tinued. 

Now ſuppoſing the greateſt Diſtance of the two Sides of the 
Glittis to be one tenth Part of an Inch in ſounding of 12 Notes 
(to which the Voice eaſily reaches) this Line muſt be divided in- 
to twelve Parts, each of which gives the Aperture requiſite for 
ſuch a Note, with a certain Strength. But if we conſider the 
Subdiviſion of Notes into which the Voice can run, the Motion 
of the Sides of the Glottis is ſtill vaſtly nicer; for if of two 
Chords ſounding exactly Uniſons, one be ſhortened th part 
of its Length, a juſt Ear will perceive the Diſagreement, and a 
good Voice will bund the Diflerence, which is um Part of a 


Note. 
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Eud. The Vibrations diverſified by the Lips 
of the Glottis more or leſs ſeparated, * preſſed or 
ſtraitned, produce the Tones of the Voice. Thus 
we make divers Tones without perceiving any 
Change, except in the Glottis. The Sound 
formed after this Manner reſounds in the Ca- 
vity of the Mouth and Noſtrils; and upon this 
reſounding, which is properly nothing elſe but 
the Conſequence of the Sound, depends all the 
Agreeableneſs of the Voice. The Voice comes 
forth both out of the Mouth and the Noſtrils, 
and its Agreeableneſs progeeds from a certain 


Note. But becauſe this is a great Nicety, I ſball only ſuppeſ: that 
the Voice can divide a Note into a hundred Parts, from whence 
it follows, that the different Apertures of the Glottis actually di. 
vide the tenth Part of an Inch into twelve hundred Parts, the 
Effect of each of which produces a ſenſible Alteration upon a 
good Ear. But becauſe each Side of the Glottis moves juſt equally, 
therefore the Diviſions are juſt double, or the Sides of the Gleis, 
by their Motion, do actually divide one tenth Part of an Inch 
into two Thouſand four Hundred Parts. X, Anat. p. 165. 

The Variation of the Windpipe is obſervable in every Crez- 
ture, according as it is neceſſary for that of the Voice. In an 
Urchin, which hath a very ſmall Voice, 'tis hardly more than 
membranous. And in a Pigeon, which hath a low and ſoft 
Note, it is partly cartilaginous and partly membranous. In an 
Owl, which hath a good audible Note, tis more cartilaginous; 
but that of a Jay, hath hard Bones inſtead of Cartilages ; and {6 
of a Linnet; whereby they have both of them a louder and 
ſtronger Note, &c. 

The Rings of the Windpipe are fitted for the Modulation of 
the Voice: For in Dogs and Cats, which in the Expreſſion of 
divers Paſſions uſe a great many Notes, (as Men do) they are 
open and flexible as in Man. Whereby all, or any of them are 
dilated, or contracted, more or leſs, as is convenient for a higher 
or deeper Note, c. Whercas in ſome other Animals, as in the 
Fapan-Peacock, which uſeth hardly more than one ſingle Note 
they are entire, &c, Grew's Coſmolog. Sacr. Bock I. Chap. 5: 
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reſounding that happens both in the Noſtrils 
and the Mouth | 

Ariſt. One muſt ſpeak then with the Noſe, 
thac he may pleaſe in ſpeaking. Nevertheleſs 
according to the common Saying, to ſpeak 
through one's Noſe is very diſagreeable. 

Eud. The common Opinion upon this Head 
is falſe, if the Voice proceed in Part from the 
Noſe, and if the Sound which comes forth by 
the Noſtrils be more agreeable in it chan 
that which comes from the Mouth itſelf, For 
I. As M. Dodart has obſerved i, the Voice 
comes out from the Noſe in Part; for when 
we have a Mind, we ſing with the Mouth 
ſhur, and then we ſing only by the Noſe. 2. 
The Sound which comes forth by the Noſtrils 
has more agreeableneſs than that which comes 
from the Mouth itſelf. When we ſing with 
the Mouth ſhut, the Sound of the Voice hath 
nothing in it diſagreeable; on the contrary, 
when we ſing or ſpeak with the Mouth only, 
the Noſtrils being cloſed up, the Sound of the 
Voice hath ſomething in it ſhocking. 

Ariſt. Thence I conclude, that they who ac- 
cording to the common Opinion {ſpeak with 
che Noſe, are really thoſe who do not ſpeak 
& with the Noſe at all. 
But finally, Eudoxus, how do you under- 
ſtand what is reported of a certain Poet who 


i Mem. de PAcad. An. 1700. p. 24. 


Vol. IL T ſpoke 


—— ͤ—————⅛—ẽ— — — — — — 


ſpoke very well, thought he came into the Worlg 
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without a Mouth *? | 
Eudox. That is what is reported of Fra. 
caſtorius. A Surgeon ſeparated his Lips with 
a Razor; probably they were faſtened toge. 
ther by ſome glutinous Humour. Upon which 
Julius Scaliger made theſe two Verſes: 


Os Fracaſtorio naſcenti defuit : ergo 
Sedulus attentd finxit Apollo manu. 


This Fact is at leaſt as like to be true a 
that mentioned in the German Epbemeride, 
concerning a Girl that came into the Woll 
with two Tongues, and yet was wholly defti 
tute of Speechl. 

A Thing ſtill more ſurpriſing, and which 
however the Memoirs of Trevoux deliver for 
certain in all its Circumſtances, is that a Wo- 
man of Amiens, who having become abſalute- 
iy deaf, underſtood nevertheleſs whatever ws 
poken to her by fixing her Eyes upon the 
Mouth of the Speaker. It was enough t 
ſpeak to her with a low Voice, provided it 
was articulate, She underſtood what any 
Body ſaid, even when they did not hear them: 
ſelves ſpeak. The different Inflexions of the 
Lips brought to her Remembrance the Word: i 
which ſhe had formerlyheard, and the Thoughts 
which were affixed to them =, 


* Mem. de Trev. 1702. Janv. p. 173, l Journ. des Syn. 
15 Janv. 1685, mn Mem, de Trey. Sept. 1701. p. 90. 


How- 
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However that be, will you, Ariftus, go hear 
M. Campra's Muſic, ſince we have ſpoke of 
Sounds long enough ? | | 

Ariſt. The Pleaſure of knowing why find 
it ſo excellent will, I affure you, be far more 
agreeable to me than the Pleaſure of the Mu- 
fic itſelf, * 

Eudox. We will next entertain our ſelves 
wich what concerns the Eye, the Light, &c. 
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Cox vERSATION XV. 
Concerning the Eye. 


Ariſt. HAT you have to do now, Eu- 

doxus, 1s to deſcribe to me 
the Eye, as it deſcribes the Paſſions of the 
Heart. : 

Budox. An artificial Eye, or the meer Sight 
of a Figure, will deſcribe to us this fine and 
excellent Part of ourſelves better than a whole 
Diſcourſe. The Eye, Fig. 20. is a Kind of 
Globe compoſed of Humours and Membranes 
encompaſſed with Muſcles. There are in the 
Eye three Kinds of Humours, the Aqueous, 
the Vitreous, and._the Cryſtalline. The a- 
queous Humour (a) is a Matter fluid like Wa- 
ter, tranſparent, and which fills the Fore- part 
of the Eye. The vitreous Humour () being 
more ſolid, much more abundant than the 
aqueous, and extremely tranſparent, poſſeſſes 
the Hinder- part of the Eye. The cryſtalline 
Humour {(c), more ſolid than the Vitreous, 
and tranſparent as Cryſtal, is placed between 
the vitreous and the aqueous, and the ciliary 
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in the Fore- part. The Figure of the aqueous 


Humour is convex before, and concave be- 
hind, The Figure of the vitreous Humour is 


concave before and convex behind. The Fi- 
gure of the cryſtalline Humour or Cryſtal is 
conſiderably convex on both Sides. 
Round theſe Humours there are diſtinguiſh- 
ed fix Membranes or Tunics , the con- 
junctive, the horny, the choroide, the Retina, 
the vitreous, and the cryſtalloide. The con- 
junctive, which is the firſt outwardly, makes 
the white of the Eye; it is uniform, ſmooth, 
and beſtrew'd with a Million of Arteries and 
Veins which are not to be ſeen but when the 
Blood is in a good Meaſure. agitated. The 
horny Membrane, which is a Continuation of 
the Dura mater hath two Parts, the one be- 
fore and the other behind. The firſt {e) is 
opaque and hard; the other (/) is tranſparent 
as Horn, whence it has the Name of horny. 
The choroide (g] is an Extenſion of the Pia 
mater. The Fore- part of the choroide is cal- 
led the Uvea (H. The Uvea leaves a Gap, which 
is the Prunella (i). The Prunella is in the 
Midſt of a Circle, which is called Iris, by 
Reaſon of its Colours. The Retina (1) is a 
Plexus of ſome ſmall and very fine Threads 
that iſſue out of the optic Nerve (n). The 
optic Nerve is a kind of Marrow-encloſed in 
a Canal covered with an Expanſion of the Pia 
and Dura mater, This Nerve, which comes 
Dionis p. 396. Ye 
from 


* 
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from the Brain, is diſſerninated into Threads 
in the Botton of the Eye. The two Eyes (un 
Fig. 2 1.) have each of them their optic Nerve. 
The Name of Vitreous is given to la very de- 
licate Tunic, which immediately entloſes the 
vitreous Humour. Finally I call the Cryſtal. 
loide a Membrane which immediately encom- 
paſſes the Cryſtal. _ 7 
The Membranes of the Eye are ſutrounded 
with Muſcles (ab c d of Fig. 22.) the Actions 
of theſe Muſcles which are welle, ſhortened, 
and extended, produces the Changes and Mo- 
tions of the Eye, makes it round, long, flat, 
and gives it that Facility it hath of looking 
round every way, ſometimes pleaſantly, ſome- 
times fiercely; and of being as it were the 
Mirror of the Mine. 

Ariſt. The Eye hath its Indiſpoſitions. Do 
you believe, Eudoxus, that in what is called 
the Operation of the Cataract. there is couch- 
ed a membranous Cataract, or a glaucomatic 

Eudox. It hath been long believed, that 
there is couched, at leaſt ſometimes, a mem-- 
branous Cataract, that is to ſay, a ſort of o- 
paque Membrane, or Web, formed by a Col- 
lection of heterogeneous Particles introduced 
into the aqueous Humour, and by the hard- 
ening of this Humour between the Cryſtal 
and the Coat of the Uvea; and conſequently 
capable of hindring the Rays from penetrat- 
ing through the Pupil of the Eye as far fe 
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the Cryſtal, Meſſ. Littre, Mery, and De la 
Hire did believe it. Mr. Woolhouſe, a famous 
Engliſh Oculiſt, believes it ſtill n. There is 
to be ſeen in the Memoirs of Trevoux a Cet- 
tificate of five Phyſicians of Nuremberg, who 
aſſiſted at the Opening of two Eyes, done by 
M. Geifler, wherein were found two real Ca- 
taracts o. He let them ſee in the Eye, where- 
in the Operation of the Cataract had been 
made, the Cryſtal without any Alteration, 
and in its natural Place; and a thick Mem- 
brane betwixt the inferiour Part of the Iris 
and the ciliary Ligament, whither the Needle 
had driven it. Freytarg affirms that he and 
his Father, a Chirurgeon of Zurich, had 
drawn out of the Eye membraneous Cataracts 
with hooked Needles P. Vet many learned 
Men maintain that there is nothing couch'd 
but a glaucomatic Cryſtal, that is to ſay, dark- 
iſh, and which denies free Paſſage to the Rays, 
Meſſ. Antoine, Briſſeau, de St. Yoes, Heifter, 
were ob this Opinion. 

It ſeems very probable that what is com- 
monly called a Cataract is really ſometimes 
a membranous Cataract, and ſometimes the 
Glaucoma, or the Cryſtalline. obſcured ; and 
that ſometimes the one and ſometimes the 
other is couched. For in a Word, thoſe in 
whom the Catara is formed, ſometimes ſee 


n Gaſtaldi. Journ. des Sgav. 1719. p. 95. » Mem. de Trevour, 
1718. Avr. p. 346. P Mem. deVAcad. 1725.p. 12. Diſſert. 
Medica de CataraQti. Journ. des Sgav. 1722. p. 156. 
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as it were Motes fluttering about on every 
Side J. Whence does that proceed, if not 
from the Concretions floating in the aqueous 
Humour ? Thoſe of the Cryſtalline ought to 
be fixed becauſe of its Solidity. Farther, af- 
ter the Operation one ſees ſometimes without 
a magnifying Glaſs as before. Could one ſee 
after that Manner, if the Cryſtalline which 
converges the Rays was diſplaced ? Sometimes 
after the Operation one ſees nothing but large 
Characters, and with a ſtrong magnifying Glaſs, 
Should not one ſee better, if a membranous 
Cataract were couched and the Cryſtal con- 
tinued in its ordinary Place without being 
darkened? The Academy of Sciences ſaw a 
Cryſtalline drawn out of the Eye of a Prieſt 
in the Preſence of M. Mery, who afterwards 
read, but large Characters, and with a ſtrong 
magnifying Glaſs. The Academy ſaw M. Me- 
ry extract from the Eye of a dead Man a 
glaucomatic Cryſtalline that was diſplaced. 
A Month before that the common Operation 
had been made upon this Eye; and Sight had 
been reſtored to him r. 

Ariſt. However that be, the Structure of 
Eye is ſufficiently known ; and it is evident that 
the Uſe of the Eye is to ſerve us particularly in 
diſcerning coloured Objects, diſcovering what 
may be uſeful to us, or what may be hurtful; 


2 Deidier. Journ. des Scav. 1722. p. 313. r Hiſt. 
de PAcad. 1708. p. 39. 
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and for contemplating the Univerſe, that we 
may thereby admire its Author. But what 
Part of the Eye is the principal Organ of 
Sight? Is it the Choroide, as M. Mariote and 
M. Mery have maintain d; or is it not rather, 
the Retina, as the greateſt Part of Philoſo- 
phers believe ? | 

Eudox. The principal Organ of the Sight 
is that Part which receives the Impreſſion of 
the Light, or the Image of coloured Objects, 
and makes it paſs immediately to the Seat 
where the Soul exerts its Functions. Now the 
Choroide has no Appearance of having this 
Uſe; it being only the Continuation of the 
Pia mater which encloſes the Brain, it does 
not approach the Seat of the Soul. This Place, 
as we have ſaid , muſt naturally be in the very 
Subſtance of the Brain. The Choroide then 
is not the principal Organ of Sight. 

The principal Organ of Sight is that which 
receives the Impreſſion of the Light, and 
makes it paſs immediately into the Subſtance 
of the Brain. Now the Retina ꝗ receives the 

Im- 


$ Conv. IX. 192. Conv. X. p. 197. 


The optic Nerves pierce the Globe of the Eye a little on 
the Inſide of the optic Axes. Their external Coat, which is a 
Production of the Dara Mater, is continued to the Scleratis, as 
their internal from the Pia Mater is to the Choroiges ; and their 
medullary Fiores paſſing thro! all, are expanded into the Retina, 
upon which che Images of Objects are painted. The Centre of 
this Expanſion is inſenſible, ang all the Rays which fall upon it 
are loſt, and conſequently, that Point of the Object ſrom which 
the Rys come is inviſible to that Eye, as is evident em — 

ame 


ot 
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Impreſſion of the Light. We may ſee, whien 
we pleaſe, coloured Objects upon the Retina 


of an Ox's Eye. The Truth is, the Retina is 


23 tufted Tiſſue of ſmall fine Fibres, and 
conſequently very ſenſible of the tendereſt Im- 
preſſions, ſuch as are thoſe of Light; and it is 
fituated in the Bottom of the Eye, where the 


Light muſt be reunited after it has paſt thro' 


the Humours. Afterwards the Retina imme- 


diately conveys into the Brain the Impreſſion 


of the-Light by the optic Nerve. For the Re- 
tina iſſues out of that Nerve, and the other 
End of the ſame Nerve lies directly bordering 


famed Experiment of Monſieur Mariotte. The Reaſon of this In- 
ſenſibility proceeds probably from the Blood Veſſel which en- 
ter with the optic Nerve, and cover this Part of the Retina. 
But whatſoever - its Cauſe is, we are extremely obliged to the 
Maker of our Eyes, that the optic Nerves are inſerted on the In- 
fide” of the optic Axes ; for if they had pierced the Globe of the 
Eye in the optic! Axes, then the Middle. Point of every Objett, 
had been inviſible ; and where all Things conduce to make us 
ſee beſt, there we had not ſeen at all. We muſt likewiſe hare 
loſt ſome Part of an Object, if the optic Nerves had been ph. 
oed on the Outſide of the optic Axes: Becauſe an Object may 
be ſo placed, as that all the Rays which come from one Pe int 
may fall upon the Outſide of both Eyes; but it is impoſſible that 
they ſhould fall upon the Inſide of both Eyes, and therefore that 
Point which is loſt in one Eye is vifible by the other. 

All the Rays which come from one Point of an Object, are by 
the Cornea and Humours of the Eye united in a Point of the 
Retina, which is in a ftraight Line, drawn from the ſame Point 
of the Object, through the Center of the Eye, and conſequent- 
ly all the Rays, which come from all the Points of an Object, 
are united on the Retina, in the ſame Order and Proportion as 
the Points of the Object are from whence theſe Rays come. 
Therefore the Impreſſion which theſe Rays make upon the Re- 
— muſt be the Image of the Object. Keils Anat. p 200 
and 202, 
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upon the Subſtance of the Brain, and the 
Nerves are the Vehicles of Senſations, if I 
may ſo ſpeak. The Retina therefore is the 
principal Organ of Sight. 

Ariſt. What then will be the Uſe of the 
Choroide ? 

Eudox. It will ſtop the Rays which the 
great Fineneſs of the Retina would ſuffer to 
W paſs through, doing the ſame Thing almoſt in 

Regard of the Retina, which is done by the 
Tin in Regard of the Lookjng-glaſs, The Mo- 
ton and Operation of the Rays in the Eye and 
upon the Retina hath in it ſomething wonder- 
ful. That we may the better comprehend 
this Operation, let us examine with the firſt 
Opportunity the Nature and Properties of 
Light; of the Light, I ſay, conſidered not as 
a Senſation, but as the Cauſe of Senſation. 
You will explain your ſelf upon ſo fine a 
Subject. Fox; 
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Cox VERSATION XVI. 
Upon Light. 


Eudox. ELL, Ariſtus, have you by 
the Favour of the Light di 
covered the real Nature of Light itſelf? 

Ariſt. If I am not deceived, Eudoxus, I ſuf- 
ficiently comprehend the Nature of Light; 
and the better to explain myſelf upon thi 
Head, I underſtand by the Ætber or etherial 
Matter, a certain globulous Matter finer than 
Air, diffuſed throughout the Air, and in that 
vaſt Space where the Stars ſhine. I call ſuch Bo- 
dies Luminous, as of themſelves diffuſe Light; 
and finally by Rays I mean thoſe Threads of 
Light extended from the luminous Bodies to the 
Organ of Sight. 

This being ſuppoſed ; I ſay that Light is a 
briſk, direct and alternative Motion of the e- 
therial Matter ; my Opinion, I think, is juſt, 
if Light be really Matter, Matter finer than 
Air, Matter globulous and agitated with a 
quick, direct and alternative Motion. 

Now, 1. Light is really Matter. For Light 

touches 

# Thoſz who deſire full Satisfaction on this Subject, mult go 


to that admirable Treatiſe of Optics, written by Sir 1/aac New- 
ton, 


; 
; 
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touches, and ſometimes even wounds the Or- 
gan of Sight ; the feeling of Pain doth nor 


permit 


tan; for it is impoſſible to ſeparate the Parts of this Work from 
one another without Diſadvantage to them, or to ſum them up 
in a leſs Room, without loſing ſomething Nez and U/eful. That 
great Perſon having before ſhewn how far Numbers and Geometry 
would go in Natural Philoſophy, has now manifeſted to the World 
to what ſurprizing Heights, evea vulgar Experiments duly ma- 
naged and carefully examined in ſuch Hands may advance it. 
In the general I think we may fafely conclude from Sir 1/aac 
Newton's Diſcoveries. 1. That the Sun and fd Stars are but 
Planets or Earths vehemently heated ; or having their ſmalleſt 
Parts put in a ſtrong vibrating Motion. 2. That Light is emit- 
ted from them, by theſe powerful Yibrations of their ſmalleſt 
Parts. 3. That this Fluid of Light emitted from theſe vibrating 
luminous Bodies, requires a certain Time in paſſing from them to 
us, and moves after the ſame Manner other Fluids do, only with 
a much greater Velocity. 4. That Bodies draw this Light to 
them in Lines perpendicular to their Surfaces, and that this Light 
puts the Parts of theſe Bodies into a vibrating Motion wherein 
Heat conſiſts. 5. That the Motion of Light is ſwifter in Bo- 
dies than in a Vacuum, by Reaſon of this Attraction; and flower 
after its being reflected, than in its Incidence, becauſe that Force 
of Attraction which accelerates its Motion in its Incidence, muſt 
of Neceflity retard its Motion in its Reflexton, by Reaſon of the 
different Reflexion thereof. 6. That the Ray in its whole 
Courle of Reflexions and Incidence deſcribes a Curve, or is ra- 
ther bended than broken. 7. That the Vibration of the ſmaller 
Parts of the Bodies produced by the Action of Light, when 
brought to a certain Degree of Strength, is the Cauſe of their 
Light, juſt as we ſee the Vibrations produced in the Air by tre- 
mulous and ſonorous Bodies, muſt be of ſuch a determined Force 
to produce a diſtin Sound. 8. That theſe Vibrations produced 
in Bodies by the Action of Light, when their Motion conſpires 
with that of the Rays of Light, 7.e. When any Ray is in that 
Part of theſe Vibrations that has the fame Direction with that 
of the Ray, it eaſily breaks through a refracting Subſtance ; but 
when it is in the contrary Part of the Vibration, which impedes 
its Motion, it is eafily reflected, and ſo every Ray is diſpoſed a/- 
=, to be eafily reflected or cafily tranſmitted. 9g. That the 
Rays of Light are of their own Nature diverſly Refr angib/: — 
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permit us to doubt of it; and it is only Body 
that touches Body. Lucretius was more a 
Philoſopher than a Poet when he ſaid, as we 
have obſerved already t. 


Tangere enim & tangi niſi corpus nulla poteſ 


res u. 


Reflexible, and that this Diverſity in both ariſes from the ſame 
Principle, acting differently in different Circumſtances, vz. the 
Action of Bodies upon Light. 10. That Reflexion is cauſed by 
the different Denſities of Bodies, and happens only in Superficizs 
that intercede Mediums of different Denſities. 11. That Light 
is totally tranſmitted through Mediums only that are of the ſame 
uniform Denſity, and that the refrafive Power of Bodies is prin- 


cipally owing to the Sulphurs with which they abound ; for 


ſince all Action is mutual, and ſince Light congregated by 
Burning-glaſs acts moſt upon Sulphurs, ſo Sulphurs ought 
to act moſt upon Light. 12 That the Forces of Bodies to 
reflect or refract Light are very nearly Proportional to the Den- 
ſities of the ſame Bodies. 13. That certain Colours are ty'd to 
ſuch Degrees of Refrangibility or Reflexibility, and that all the 
Primitive and Original Colours depend upon theſe Degrees. 
14. That White conſiſts in an equal Mixture of all the primitire 
Colours, and Black in a Suffocation of all the Rays of Light, 
which is the Reaſon why Blacks burn more eaſily than other 
Colours ; and other not Primitive Colours ariſe from a certain 
Mixture of theſe, 15. That the Colours of natural Bodies de- 
pend upon the different Denſity of their ſmall Parts, and thereby 
their Fitneſs to reflect Light of one Colour and tranſmit that of 
the others. 16. That ſeveral Sorts of Rays make Vibrations of 
ſeveral Bigneſſes, which according to their Bigneſſes excite Sen- 
ſations of ſeveral. Colours much after the ſame Manner, that the 
Vibrations of the Air according to their ſeveral Bigneſſes excite 
Senſations of ſeveral Sounds. 17. That the Harmony and Di/- 
curd of Colours ariſe from the Proportions of the Vibration pro- 
pagated thro' the Fibres of the optic Nerves into the Brain, 
as the Harmony and Diſcord of Sounds ariſes from the Proporti- 
ons of the Vibrations of the Air. Cheyne Philo. Princip. 


Tome I. Conv. III. p. 35. * Lucr, lib. I. v. 305. 
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2. Light is a Matter more fine than Air, 
ſince it penetrates even Cryſtal itſelf. | 

3. Light is a globulous Matter, at leaſt in 
all Probability. In fact, the Light that falls 
obliquely upon a Glaſs is reflected with ſur- 
prizing Facility, ſo that the Angle of Reflexion 
is ſenſibly equal to the Angle of Incidence; and 
a Spheric Figure is the moſt proper for the 
Reflexion of Bodies. mes: | 

4 Light is a Matter agitated. Seeing it 
wounds, it diforders the Fibres. It cannot 
diſorder them without communicating to them 
ſome Degrees of Agitation; and one Body 
cannot move another without being in Mo- 
tion itſelf. 9 1,17 OR | 2 

5. Light is Matter agitated, I ſay, with a 
quick Motion. It has yet more Swiftneſs than 
Sound. We know, that Lightning foreruns 
the Thunderclap. According to the Experi- 
ments of the Royal Academy of Sciences, 
Sound makes 180 Fathoms Progreſs in onę 
Second, or during the Beating of the Pulſe; 
and Light advances at leaſt fix Hundred Times 
{wifter. 90 . 

6. This quick Motion is at the ſame Time 
direct. For let us ſuppoſe in two Doors of a 
Room diametrically oppoſite, two Holes over 
againſt one another. Bring near to one of the 
two Holes a Light from without. The Light 
paſſes through the Room without lightning it, 
and goes through the other Hole to paint it- 
ſelf on ſome external Object. Likewiſe the 

g | Shadow 
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Shadow exactly repreſents the Figure of the 
Body that caſts it in denying a Paſſage to the 
Rays of Light. 

7. Finally, the direct Motion of the Light 
is an alternate or vibratory Motion, that is to 
fay, a Motion that makes the Rays go forward 
and backward inceſſantly. For the Parts of 
luminous Bodies, like the Fire, are ſometimes 
carried from the Center toward the Circum- 
ference by their rapid, circular and univerſal 
Agitation ; and ſometimes towards the Center 
by the Matter that ſurrounds them, and the 
Objects they encounter. For which Reaſon it 
is, that the Rays are one while darted into the 
Eye, and another while they fly back being 
reflected by the Spring of the Fibres, upon 
which they fall. Moreover, the angular Parts 
of luminous Bodies, turning upon their Cen- 
ter, ſometimes preſent their Point to the Rays 
and force them forward; ſometimes again their 
Side, and then the Rays return, finding ſome 
ſmall Space free in their coming back. Light 
then is a Motion of etherial Matter, quick, 
direct and alternate, which was the Thing 
to be proved. 1 

Thence ariſe the Properties of Light, its 
Propagation, Reflection, and Reſraction. The 
Propagation of Light is an Action whereby 
the Light is diffuſed; Reflexion * is an Action, 

whereby 


* A; to the Reflexion of Light it is to be obſerved, that 
Light dus gef ren againſt the folid Part of Bedics, when it 1 
| reflected 


Upon Light. 289 


whereby the Light diffuſed upon Objects re- 
turns upon our Eyes; Refraction is an Action 
| whereby 


reflected by them; but that it is reſtected in thoſe Places, where 
it could very freely paſs. It is a common Experiment obſerved 
by every Body, that when Light is moved thro' any Medium; 
as for Example, Glaſs, Water or Air, it does not undergo a ſen- 
ſible and regular Reflexion; but then it is reflected there, where 
two Mediums of different Denſity are ſeparated 3 ſo it is re- 
flefted in the Surface of Water or Glaſs. 

Light alſo is more abundantly reflected in a denſer Medium, 
toben it comes againſt the Surface of a Rarer ; than when on the con- 
trary moving in à Rarer Medium, it ſtrikes againſt the Surface 
of a Denjer. 

If the Reflexion be made by the ſtriking of Light againſt 
the ſolid Parts of the Bodies, there muſt be more ſuch Parts 
in Air than Glaſs; for if Light was reflected from the Glaſs 
itlelf into the Air, the Light would never come to the Separa- 
tion of the Mediums; that the Light can alſo go out of Glais in 
the very Places where it is reflected, may be proved by Expe- 
riments. Therefore in the Neighbourhood of the Glaſs there 
mult be ſo many Parts in the Air, that there may be no Way 
tor the Paſſage of the Light, to cauſe it to be wholly reflected 
into the Glaſs ; but it is plain, that there are no ſuch Parts, be- 
cauſe Light comes thro' the Air in all Directions quite to the 
Glaſs. Even in the ſame Place of the Surface which ſeparates 
the Glaſs and Air, the Light which comes from one Side 1s re- 
flected, whilſt that which comes from the other Side is tranſ- 
mitted. Which clearly proves that-the Light is reflected in the 
very Place where it can go through. 

Farther, Reflexion is made by the ſame Power by which the 
Rays are refracted, which produces different Effects in different 
Circumſtances. A Ray which goes out of a Denſer into a Rarer 
Medium, by the Attraction of the former, is made to recede 
from the Perpendicular ; if the Obliquity of the incident Ray be 
encreaſed, the Obliquity of the refracted Ray will alſo encreaſe, 
till it comes at laſt to move in the very Surface which parts 
the Mediums. . And this obtains, when the Sine of the Angle of 
Incidence is to the whole Sine, as the Sine of Incidence in the 
denſer Medium, is to the Sine of Refraction in the rarer, for 
in that Caſe the Angle of Refraction is a right one. If the Ob- 
liquity of the incident Ray be more encreaſed, it is plain that 
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whereby the Light that paſſes obliquely out of 


one Medium into another, from the Air, e. gr. 
| into 


the Rays cannot penetrate into the rarer Medium: This is the 
Caſe in which the Light is wholly reflected; which Reflexion 
depends upon that Attraction by which the Rays are refracted. 
For when the Ray is moved through the Space of Attraction, it 
is bent towards the denſer Medium; if it be in the denſer N. 
dium, and fo bent, that before it has gone through the whole 
Space of Attraction, the Tangent to the Curve be parallel to the 
Surface that ſeparates the Mediums, the Curve being continued 
turns back again; and therefore the Ray is reflected by the Ar. 
traction of the denſer Medium, and this Continuation of the Curve 
is ſimilar and equal to the firſt Part, and makes the Angle of Re. 
flexion equal to the Angle of Incidence; becauſe the Light returns 
thro' the ſame Part of the Space of Attraction; and the ſame at- 
trafting Force acts upon the Light in correſpondent Points of the 
two Parts of the Curve. Thus a Projectile, in its Aſcent and De. 
ſcent, deſcribes ſimilar Curves. 

Yet that a// Reflexion dies not depend upon that Attraction in 
the ſame Manner is evident; for in that Caſe in which the 
Refraction is made, part of the Light is reflected; for the Light 
does not wholly penetrate out of the rarer into the denſer Med. 
um; for even in that Caſe, in which the Attraction is the mol! 
oppoſed to the Reflexion that is poſſible, yetſome Rays are reflected. 

Yet it cannot be doubted but that in every Caje Reflexion has 
relation to the refracting Power. Where Light paſſes witbeut 
Refraction, there it is not reflected; but where the Refraction ii 
greateſt, there the Reflexion is alſo ſtrongeſt; which is true, not 
only when Light, moving in a denſer Medium, ſtrikes againſt the 
rarer, but the ſame Thing is obſerved, when Light ſtrikes againſt 
the denſer Mediu” : Thus ſuppoſing the Light to move in 
Air, the Surface of Glaſs reffects more ſtrongly than that of Wa- 
ter; and that of a Diamond yet more ſtrongly. If Glaſs and a 
Diamond be immerſed in Water, the refracting Power is leſs in 
the Separation of thoſe Bodies with Water, than where thoſe Bo- 
dies touch the Air. Theſe Bodies alſo reflect Light leſs ſlrongly 
in Water than in Air. From this Relation of the reflecting and 
refracting Powers we deduce, that Light is driven back at a certain 
Diſtance from the Bodies, in the ſame Manner that the reſracting 
Pooer does alſo att at ſome Diſtance from the Body: This Propo- 
ſition is confirmed from what has been demonſtrated concerning 
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into Water, from Water into Glaſs, from Glaſs 
into Cryſtal, or on the contrary turns afide 
obliquely more or leſs from a ſtraight Line, 
while it draws nearer or removes from the 
Perpendicular. Now all this follows natural- 
ly from the Definition which we have given 
of Light. | 

1. The Light is diffuſed upon all Sides in 
a direct Line, with a prodigious Swiftneſs, but 
not in an Inſtant, and grows continually wea- 
ker. How does that happen? Every Thing 
being full of the etherial Matter, the Rays or 
hreads of the ſmall Globes, diſpoſed in the 
Form of Cones or Pyramids whoſe Tops are 
n the luminous Bodies, and their Baſes dif- 
uſed in vaſt Spaces, convey the Impreſſion 
hey have received to all the Objects round a- 
dout them. This is the Light diffuſed on 
ll Sides. 

The Rays being between other Rays of the 
he ſame Force, they no ways diſplace one 
Wnother. For which Reaſon it is that the 


Wcfletion, which does not depend upon a Stroke made againſt 
Wh: lid Parts of Bodies; and this is fully made out if we conſider, 
What poliſecd Bodies reflect the Light regularly (which we obſerve 
in Looking-glaſles) th," there be a great many Scratches in their 
Surfaces : For as they are poliſhed with the Powders of Emeryand 
Putty, tho? their Parts are very ſmall, yet they leave very great 
Scratches on the Surface in reſpect of the Particles of Light, whence 
dn the Surface itſelf the Reflexion muſt needs be irregular ; but if 
ve conceive the Reflexion to be made at ſome Diſtance from the 
Surface, the Irregularities are diminiſhed, and almoſt wholly taken 
ff, as is eaſily underſtood by any one that conſiders it with At- 
ention. Vid. $'Graveſande's Phyſ. Elem. 


U 2 Light 


202 Cox vERSATION XVI. 
Light is diffuſed in a direct Line. By the 


ſame Principle, the Impreſſion which one 
End of the Rays receives from the luminous 
Bodies is alſo received by the other End and 
communicated thereby to the Eyes almoſt at 
the ſame Time. Hence that unconceiveahl: 
Swiftneſs of the Light. A Swiftneſs that ap- 


pears to be ſix Hundred Thouſand Time 


greater than that of Sound; and yet Sound 
according to the Obſervation of M. Hugen, 
advances 180 Fathoms in a Second. 
However, as it is impoſſible that the Ray 
or Threads of the Globules ſhould not be in- 
terrupted ſometimes by a kind of Matter til 
more ſubtile, and which eafily gives Place, u 
by the Particles of the Air which are com- 
preſſed, the Light comes not to our Eyes in- 
ſtantaneouſly. According to the Experiment 
of M. de Romer and the Obſervations of M 
Hugens, when Jupiter is fartheſt diſtant the 
Light of his Satellites comes to us ſome M. 
nutes more ſlowly. They give it at leaſt ſe- 
ven or eight Minutes Time ＋ to come to 
us, being reflected by Planets the fartheſ 
diſtant. The more the Light removes from 
luminous Bodies, the feebler it is; becauſe 
the Force communicated by the luminous Bo- 
dies to the Point of the Cones or Pyramids 
and which is continually diſtributed, while it 
paſſes toward the Baſe, to a greater Numbe! 


+ M. Neuton. Optique. p. 236. d'apres M. de Romer. 
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of Globules, or of Parts which employ it ei- 
ther for turning about upon their Center, or 
for expelling out of their Interſtices the more 
ſubtile Matter, or elſe for prefling the Air, is 
weakened by little and little. 

2. If. the Rays of Light thus diffuſed upon 
Objects happen to encounter ſolid, impenetra- 
ble, and elaſtic Parts, they can neither go for- 
ward, nor communicate all their Motion. Yea, 
they are thruſt back by Virtue of the Springs 
which they encounter: Whence it comes to 
paſs that they are reflected with ſo much the 
more Swiftneſs, for that the Figure of the Glo- 
bules is fitter for Motion: You ſee the ſmall 
Globules of Quickſilver are reflected with an a- 
ſtoniſhing Swiftneſs. Suppoſe ſome new Nar- 
ciſſus go to conſult the Water about the Fea- 
tures of his Face, the Rays that come from his 
Face, and are reflected by the ſolid Parts of the 
Water, make him quickly ſee another ſelf. 

3. If the Rays of Light paſs from one Me- 
dium into another, without encountering ſolid 
Parts that might reflect them, they penetrate 
without flying back, or being reflected. Nei- 
ther are they broken, if they have only a ſim- 
ple and perpendicular Direction to the Medi- 
um which they penetrate; becauſe nothing turns 
them aſide from a ſtrait Line. Put a Crown 
Piece into the Bottom of a Veſſel, and look at 
it through a narrow and perpendicular Tube: 
Let the Veſſel be filled with Water; the 


Crown Piece will ſtill appear in the fame 
U3 Place. 
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Place. But if the Rays paſs obliquely, and by 


Conſequence with a compound Direction, or 
with two Directions, the one Parallel, and the 
other perpendicular; they find in the ſecond 
Medium a greater or leſs Obſtacle to the per- 
pendicular Direction, than in the firſt. If they 
find a great one, they turn aſide removing from 
the Perpendicular. If they find a leſs, they 
turn aſide drawing nearer to a Perpendicular, 
more or leſs proportionally as they meet with 
more or leſs Reſiſtance, When a Body re- 
ceives different Impreſſions, or has ſeveral Di- 
rections, it yields to them all, more or leſs in 
Proportion to the Obſtacles it meets with, by 
the third Rule of Motion *. 

When a Globule of etherial Matter paſſes 
from one Medium into another, and the half 
of the Globe is in a thinner Medium, and 
the half (B) in a denſer one; the half (4 
muſt move more ſwiftly, make the Globule 
circulate, and by making it circulate, draw it 
from the Line where it mcets with moſt Ob- 
ſtruction. Hence it is, that the Light which 
paſſes obiiquely from the Air into the Water, 
from Water into Glaſs, from Glaſs into Cry- 
ſtal, is broken while it approaches {till to a 
Perpendicular, as Experience ſhews; becauſe 
it continually finds leſs Refiſtance. If a Ray 
that comes trom the Flame of a Wax-Candle 


(a), Fig. 23. fall obliquely upon the Surface of 


Tom. I. Conv. VIII. p. 10s, : 
Water 
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Water (5); it does not continue to carry the 
Light toward the ſame Point (c, it turns aſide 
to lighten the Point (d) which is nearer the 
perpendicular Line (ec f) that paſſes thorough 
the Water. If the Light paſs from Cryſtal in- 
to Glaſs, from Glaſs into Water, and from 
Water into Air, it is broken while it moves 
from the Perpendicular, becauſe it continually 
finds a greater Reſiſtance. Why does a pretty 
large Shot f that paſſes obliquely from the Air in- 
to the Water, remove from the Perpendicular; 
the Reaſon is, becauſe it finds more Reſiſtance 
in the ſecond Medium, than in the firſt. We 
may, and muſt ſay as much, of Rays. 

Eud. But how is it that Rays find an eaſier 
Acceſs into Water than into Air, and into 
Glaſs than into Water ? 

Ariſt. Water is leſs liquid than Air; the Rays 
find in Water Paſſages that are more direct, 
more free, leſs interrupted, and leſs incumber- 
ed with Corpuſcles, which might oppoſe the 
Direction of the Rays, and divide their Force. 
Glaſs is more ſolid; it contains leſs Air than 
the Water does, ſeeing it is more weighty; and 
the Air it contains is leſs agitated, Hence the 
Paſſages of the Light in it are more free than 
in Water, : 

Eud. There is nevertheleſs a great deal more 
Light in the Air, 


＋ Hiſt, de PAcad. 1708. p. 15. 


U4 Ariſt. 
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Ariſt. That is, becauſe the Air has more In- 


terſtices. . | 

Eud. Let us put a Crown (a), Fig. 24. into 
the Bottom of an empty Veſſel From the 
Place where you are you do not ſee the Crown, 
neither do I ſee it here. The oppoſite Sides of 
the Veſſel hinder the Rays (65), which come 
from the Surface of the Crown, reaching our 
Eyes in a direct Line. Fill the Veſſel with 
Water Without moving from your Place 
you may ſee the Crown; and I fee it at the 
ſame Diſtance. We ſee it in oppoſite Points 
(cc). It appears beyond the Place where it is. 
Hath it then ſuddenly changed its Situation, 
upon your Principles, without changing its 
Place? 

Ariſt. Let us imagine a ſtraight Line perpen- 
dicular (ad), or which falls perpendicularly 
both upon the Surface of the Water, and upon 
the Crown. This being ſuppoſed; the Rays 
reflected by all the Points of the Crown, which 
paſſing obliquely from the Water into the Air, 
paſs from a Medium, whoſe Paſſages are more 
free, into a Medium more difficult to penetrate, 
are broken, ceaſe to follow the oblique ſtraight 
Line (ae, and recede from the perpendicular 
(ad), This Deviation brings them to our Eyes 
zg) by an oblique Line (%. Hence, we re- 
ceive an Impreſſion, which comes from the 
Crown, and makes us perceive it. We per- 
ceive it, I ſay, as if it were beyond the Place 


(a) where it is; becauſe the Soul, according to 
the 
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the Laws of the Soul's and Body's Union, na- 
turally refers Objects to the Extremity of the 
direct Rays, and becauſe the Extremity of thoſe 
which J receive ſeems to terminate beyond the 
Place where the Crown is. * 

Eud. A ſtraight Staff, a Part whereof is 
plunged into the Water, appears broken. 
Ari. The Reaſon is, becauſe the Rays be- 

ing reflected by this Part, but which deviate 
from the Perpendicular, while they paſs from 
one Medium into another, end in a Place where 
this Part is not, and becauſe the Soul refers it to 
the Extremity of the Rays. 

Eud. When the Light paſſes through a Glaſs 
Plane obliquely, the Situation of the Object does 
not appear the leaſt changed. 

Ariſt. Then the Ray is twice broken, in en- 
tering and in coming out. The firſt Time it 
approaches, the ſecond it recedes proportional- 
ly from the perpendicular. Conſequently, the 
ſecond Refraction repairs the Change that was 
made by the firſt ; and the Ray ſtriking the Eye 
with the ſame Direction as if it had not been 
broken at all, the Object appears in its true Si- 
tuation. 

Eud. If the Glaſs is ſpherical, or in Form of 
a Lens (a), Fig. 25. it breaks the Rays, and 
unites them again at ſome Diſtance (6). 

Ariſt. The Rays (ea), which paſs from the 
Air into the Glaſs, approach one another, 
while they approach to the Perpendicular (a a). 


The ſame Rays continue to approach one an- 
other, 


| 
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other, when coming out they remove from the 
Perpendicular (c c), which is in another Situa- 
tion, Hence the Rays are found united in the 
Point (5), where they croſs one another. 

Eud. A Glaſs concave on both Sides makes 
the Rays diverge, and ſcatters them. 

Ariſt. By the Principle which we have laid 
down, when parallel Rays enter this kind of 
Glaſs, they remove from one another in a 
proaching to the Perpendicular (ee), Fig. 26. 
The ſame Rays continue to move from one an- 
other, while they come out, by moving from 
the Perpendicular (%. But how can Light 
paſs through a Body ſo ſolid as Glaſs? Whence 
proceeds the Tranſparency of Bodies ? 

Eud. We will endeavour, Ariſtus, the firſt 
Opportunity to trace the ſecret Paths of the 


Light. 


ConveR- 


On the Tranſpareacy of Badies. 299 


CoNVERSATION XVII. 


Upon the Tranſparency of diaphanous 


Bodbtes. 


End. vw E ſhall fay but one Word, Ari- 


us, concerning the Tranſparen- 
cy of Bodies, and that will be enough. 


Thoſe are called opake Bodies, which do not 
in the leaſt tranſmit the Light. Thoſe are cal- 
led tranſparent or diaphanous Bodies, which 
the Light penetrates, as the Air, Water, Cry- 

ſtal, 


+ Bodies that tranſmit the Light are called Tranſparent. Such 
are all Mediums, except a Vacuum. 

There is no Body whoſe ſmalleſt Parts are not tranſparent: No 
one who is uſed to Microſcopes will doubt of this. There are 
ſome Parts of Metals, which though very ſmall, do not tranſmit 
the Light: But if they be diſſolved in Menfiruums ; that is, if they 
be divided into much leſs Parts, they become tranſparent. 

Opacity does not (as is commonly imagined) happen in Bodies, 
becauſe the Way through which the Light might paſs, is ſtopped by 
Particles of Matter ; for Light paſſes through all the ſmalleſt Parts 
of Bodies; neither is ſuch an Interception of Light of any Uſe to 
cauſe Opacity : It is required for Opacity, that the Light ſhould 
be reflected and deflected from a right Line, for which there is 
only required the Separation of two Mediums. | 

Let us conceive a Body conſiſting of very ſmall Parts perfectly 
tranſparent (ſuch as are the Particles of which Bodies conſiſt) and 
ſeparated from one another by Pores ; and that thoſe Interſtices are 
either void, or filled with a Medium whoſe Denſity is different 
from that of the Particles, if Light enters ſuch a Body, it will 
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ſtal, Glaſs. Glaſs is compounded of clean and 
fine Sand, and the fixt Salts of certain Plants. 
The Sand and the Salts are ſet together over'a 
great Fire, The Salts being agitated by the 

Action 


every Moment fall upon a Surface dividing Mediums differing in 
Denſity ; therefore it will undergo innumerable Reflexions and Re- 
fraCtions in that Body, ſo as not to be able to get through it. 

Therefore we ſee that Opacity depends upon the Pores ; for if 
you fill the Pores with a Medium of the fame Denſity as the Parti. 
cles of the Bodies themſelves, the Light will undergo no Reflexi- 
on or Refraction in the Body, but paſs directly through; and the 
Body will be tranſparent. Tho' we cannot make Experiments 
whereby to fill the Pores of a Body with a Meaium exactly of the 
fame Denſity as the Particles, yet the following Experiments will 
clearly enough prove Sir ſaac Nezoton's Doctrine concerning Opa- 
city. 

"wh 1. Paper becomes more tranſparent when moiſtened 
with Water; for it fills the Pores, and differs leſs in Denſity from 
the Particles than Air does. Oil has the ſame Effect. 

Exper. 2. Take a Piece of Glaſs two Inches thick; and take ſe- 
veral Plates of the ſame Sort of Glaſs laid upon one another, yet 
ſo as not to be quite two Inches thick; and you will find that 
theſe will be leſs tranſparent than the ſolid Piece, becauſe of the 
Air between the Plates, which does not get into the ſolid Piece 
where all the Parts cohere. 

Exper. 3. Take twelve Plates of the ſame Glaſs, as near as may 
be of the ſame Thickneſs; let fix and fix of them be laid together, 
if you take the leaſt tranſparent of thoſe two Parcels, and having 
dipped it in Water, take it out again, it will become more tranſ- 
parent than the other; becauſe the Water which in that Caſe fills 
the Interſtices between the Planes, differs leſs in Denſity from the 
Glaſs than Air does. | 

What has been ſaid of Opacity is farther confirmed, and put 
out of all doubt by innumerable Experiments, by which Bodies 
perfectly tranſparent become opake, by the Separation of their 
Parts, without the Intervention of any opake Body. 

Exper. 4. Let any perfectly tranſparent Liquid, that may be 
changed into Froth, be ſhaked, till it be full of Bubbles; it will 
immediately become opake, by Reaſon of the Interſtices that are 
filled with Air. 


Exper. 5. 
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Action of a violent Heat, without being able 
to fly away by Reaſon of their Fixedneſs, break 
the ſmall Particles of Sand, and paſs through it 
on all Sides, making therein a Thouſand ſtraight 
and free Paſſages: Whence proceeds the Tranſ- 
parency of Glaſs, as well as its Fragility. The 
Tranſparency then proceeds from a great Quan- 
tity of Pores, or Paſſages that are free, direct 
and diſpoſed every Way. Being numerous, 
ſtraight and free, they let the Light paſs 
with an inconceivable Swiftneſs. Being diſpo- 
ſed in all Manner of Directions, they receive 
it, and direct it to all Sides, much after the 
ſame Manner as Trees ranged in the Forms of 
Stars. 

Hence, 1. Glaſs is ſo much the more tranſ- 
parent, the thinner and ſmoother it is; becauſe 
its Pores are thereby ſo much the mote ſtraight, 


Exper. 5. Turpentine and Water are tranſparent Bodies, but 
when mixed, become opake. 

Exper. 6. Water and Oil by being mixed together become o- 
pake, though ſingly they are tranſparent. 

Exper. 7. Though Glaſs be tranſparent, yet if it be reduced to 
Powder it becomes opake; as it alſo does when cracked. 

We clearly ſee in all theſe Caſes that Opacity is produced, be- 
cauſe there is a Medium of different Denſity between the tranſpa- 
rent Parts; which may alſo be obſerved in the Clouds, which are 
opake, on Account of the Air interpoſed between the Particles of 
the Water. 

Some opake Bodies reſlect a little Light, and the reſt of the 
Light, by innumerable Diviſions which it undergoes in the Re- 
flections and Refractions abovementioned, is extinguiſhed in the 
Body; ſuch are b/ack Bodies; if there were any Bodies perfectly 
black, they would reflect no Light; for all Bodies, when no 
Light fall upon them, and therefore they reflect no Rays, appear 
black. V. Grave/ande's Phy/. Elem. 


free, 
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free, leſs interrupted, and leſs ſtopt. On the 
contrary it is ſo much the lefs tranſparent, the 
thicker it is, becauſe its Pores are thereby more 
winding, interrupted, and ſtopt with a greater 
Number of ſolid Parts. | 

2. The Breath tarniſhes Glaſs and Cryſtal, 
by clofing the Paſſages of the Light, By the 
fame Reaſon Sweat produces the ſame Effect, as 
may be remarked when we touch a Glaſs full of 
Liquor, eſpecially in Summer. 

3. Diaphanous Liquors loſe their Tranſparen- 
cy by the Mixture of ſome other Liquors, pro- 
portionally as the Paſſages of Light are ſhut up. 
Spirit of Nitre reſtores their former Tranſpa- 
rency to Liquors that are become opake, in di- 
viding by the Sharpneſs of its Salts, the groſſer 
Parts which cloſed up the Paſlages of the 
Light, and keeping them open by the Reſiſtance 
of the ſaid Salts. 

4. If Paper ſoaked in Oil becomes thereby 
the more tranſparent; the Reaſon is, becauſe 
Oil has its Pores more free and more direct, or 
that in ſpreading the ſmall Hairs of the Paper 
wider, it renders the Pores of the Paper alſo 
more direct and free. 

Finally, Water that is frozen is neyertheleſs 
very tranſparent, while Oil when congealed lo- 
ſes a great deal of its Tranſparency; becauſe 
the Parts of the Water that are long and ſmooth, 
approach one another, and are ranged in ſuch 
Sort near one another in parallel Lines, the ve- 
ry Moment they freeze, that they ſtill preſerve 

a great 
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a great Number of Pores direct free and diſpo- 
ſed every Way; while the Paſſages of the Oil 
are interwove with one another, in ſuch Sort, 
that the Paſſages of the Light become crooked, 
and. inacceſſible to the greateſt Part of the 
Rays, | 

Arift But ought not Objects ſeen through 
Cryſtal, to appear interrupted, or compounded of 
ſome Parts obſcure, and others lighter? For, in 
ſhort, Cryſtal has ſolid Parts which refuſe a 
Paſſage to a great Quantity of Rays. 

Eud. The Impreſſion of every effectual Ray 
is fpread all about upon the Retina, even to 
thoſe Places that anſwer directly to the ſolid 
Parts of the Cryſtal, and do not receive the 
Rays; thence it is that the Object appears thro' 
the Cryſtal without Interruption. Sometimes a 
green Meadow, which is ſtrewed over with 
white Flowers, appears all white at a Diſtance; 
and when you look upon a Glaſs of red Wine, 
mixed with Water, you do not diſtinguiſh in 
Appearance neither the Parts of Water, nor 
the ſolid Parts of the Glaſs. The Senſation 
formed in your Soul only repreſents to you red 
Wine without Interruption. The Reaſon is, 
becauſe the Impreſſion that comes from the 
red Wine is ſtronger than thoſe that come from 
the Glaſs and the Water, and the ſtrongeſt be- 
ing ſpread all about upon the Retina, renders 
the others imperceptible. Coloured Objects 
draw all our Attention, when they are mixed 
wich others. 


You 
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You will tell us, Ariſtus, when you think 
fit, whence proceeds the Efficacy of luminous 


Bodies, and the Phoſphorus, which thine MW ” 

through tranſparent Bodies. 4 
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Concerning luminoms Bodies and the - 

: 

Phoſphorus. | 

the 

Eud. OUR Opinion, Ariſtus, about Light a ſi 

I œſeems to me juſt. But for the bei- fibl 

ter comprehending the juſtneſs of it, our Buſi con 

neſs now is to explain in Conformity to that Ma 

Sentiment, the Efficacy of luminous Bodies, iſe] 
and the Phoſphorus. 


Ariſt. Thoſe are called luminous Bodies 
which of themſelves diffuſe Light, as the Fire 
and the Sun. The Efficacy of theſe Bodies 
conſiſts in the rapid and circular Agitation of 
their Parts, carried off impetuouſly from all 
Parts into the ſubtile and fine Matter wherein 
they ſwim. Theſe Parts being darted out to- 
ward the Circumference of the luminous Bo- 
dies, and thereupon repulſed by the ſurround- 
ing Matter from the Circumference towards the 
Center, and preſenting to the Rays of the ethe- 


rial Matter ſometimes the Point, and ſome- 
times 
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times the Side produce in the Rays that alter- 
nate Motion, which makes the Light. 

The Phoſphorus's are a Sort of luminous Bo- 
dies, ſeeing they throw out Light. Some are 
natural, and others artificial. Thoſe are called 
natural Phoſphorus's which are beholding only 
to Nature for their Effect. Such are Glow- 
worms, rotten Wood, Fiſhes corrupted, the 
Eyes of Cats, or their Hair rubbed againſt the 
Grain. Artificial Phoſphorus's are the Work of 
Art, as the Barometer, the Stone of Bologne, 
the urinous Phoſphorus, burning Powder, &c. 

The Efficacy of the Phoſphorus's, at leaſt of 
the beſt Part of them, proceeds probably from 
a ſmall Vortex of branchy Matter, but inſen- 
fible, which iſſues out of thoſe Bodies and en- 
compaſſes them, ſwimming continually in the 
Materia Subtilis. This fine Matter inſinuating 


ſelf into theſe Bodies by an infinite Number 
of ſmall Pipes, which ſtill diminiſh inſenſibly, or 
terminate almoſt in the ſame Place, accelerates 
its Motion as other Fluids which run from a 
larger Space into a cloſer, and carries off a 
great Quantity of Particles that are branchy, 
but inſenſible. Theſe Particles being retained 
by the Reſiſtance of the Air, which ſurrounds 
them, and carried into a Torrent of Matter 
ſtill finer, round the Phoſphorus, advance and 
recoil ſucceſſively, one while victorious, an- 
other while repulſed ; whence proceeds that al- 
ternate Agitation which produces Light in the 
etherial Matter. 

Vox. II. | X Thence 
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Thence che Luſtre of certain Worms, which 
ſparkle in Oiſters, and of ſhining Flies which 
they faſten to their Feet and Hands in the An- 
tilles for travelling in the Night, and which 
caſt ſo great a Light, that they appear like ſo many 
ſmall wandering Stars on the Earth in the Night- 
time *. Hence the Brightneſs of the Glow- 
worms, which in the Night-time diffuſe ſo 
much Light in certain Groves of the Indies, 
that you would think the Groves were on Firey, 
The Truth is, when theſe ſhining Flies and 
Glow-worms are dead, they ſhine no more; 
their Light is extinguiſhed with their Life, be- 
cauſe they no longer exhale from their cold 
and cloſed Bodies, theſe imperceptible Particles 
capable of making a ſtrong Impreſſion upon 
the etherial Matter. 

Beſides it is generally in hot Seaſons that 
theſe Worms glow in this Countrey ?, and 
thoſe that do are the Females. Theſe female 
Worms are Inſects without Wings; but the 
Males have Wings. Whilſt M. de Reaumur 
held a Glow-worm in his Hand in the Night- 
time, there came a Male and coupled with her 
upon the Spot. M. de Reaumur catched ſeve- 
ral male Glow-worms after the ſame Manner. 
In the Seaſon that Animals couple there hap- 
pens a particular Fermentation, to which pro- 


* Hiſt. des Antilles, Journ. de; Scav. 1667. p. 87. y A- 
Frege de Gaſſendi. Tom. IV. p. 255. z Mem. de P Acad. 


1723. p. 203, 204. 
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bably the Light of the Glow-worms owes a 
Part of its Vivacity. 

Eud. Theſe Worms which owe their Name 
to the Light wherewith they ſhine, have only 
one Part underneath the Body that glows. 
The Dazls are natural Phoſþhorus's, ſtill more 
ſurprizing, and which ſhine probably from 
much the ſame Reaſon. The Dails are Fiſhes 
covered with a ſmall Shell. Ir is not the 
Shell that diffuſes the Light, but the Animal 
itſelf. It is the Fleſh that ſhines, and that in 
its whole Surface, and in its whole Subſtance. 
If it be torn to Pieces, all its Parts are lumi- 
nous like thoſe of a Coal well kindled. Theſe 
Shell-fiſn ſhine in the dark, and ſhine the 
more the freſher they are, and the more Wa- 
ter they have. The Drops of Water which 
fall from cheſe Shell-fiſh upon the Hand, the 
Cloaths, or the Ground, do likewiſe ſhine. 
Pliny aſſures us () of it, and M. de Reaumur 
verifies it (b). The Dails ſhine even in the 
Mouth of thoſe who eat them, caſting their 
Light upon whatever touches or preſſes them. 
They render the Fingers, Teeth and Tongue 
luminous. 

The Sea which contains in its Boſom ſuch 
ſurpriſing Phoſphorus's, is itſelf a Sort of natu- 
ral Phoſphorus. For it often appears luminous 
in the Night, ſo many ſmall Flaſhes of Light 
iſſuing out of it. 


) Plin. I. 9. c. 61. (>) Mem. de Acad. 1723. p. 200, 
X 2 Ariſt. 


201, 200. 
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Ariſt. In the Agitation of the Waters of the 
Sea an infinite Number of ſaline and ſulphure- 
ous Particles, carried with Rapidity into the 
ſmall Vortices of the ſubtile Matter, give the 
etherial Matter this Motion, which makes lit. 
tle Sparks glance in our Eyes from all Sides. 

As for the Phoſþhorus of Mercury or the lu- 
minous Barometer, it is a Barometer the Mer. 
cury of which is purged, and when it is ba- 
lanced or ſhaken, throws out a Column of 
Light in the Dark. 

Eud. My Barometer has the Conditions ne- 
ceflary for being luminous indeed, a durable 
and perpetual Phoſphorus: For its Pipe is well 
dried and emptied of Air. The Humidity is ta- 
ken away with Cotton faſtened to the End of 
a Wire. The Mercury is cleaned by making 
it paſs through grey Paper, or through a Pa- 
per Funnel whote Neck is very narrow, where 
the Mercury leaves its Impurities. In Order 

to purge it of the Air, you mult firſt put into 
the Pipe a third Part of the Mercury that muſt 
be uſed. After that it is warmed gently and 
by Degrees, bringing the Pipe near the Fire 
by little and little, turning it about, and mo- 
ving the Mercury with a Wire thruſt in at ſe- 
veral Times, till you perceive no more Bubbles 
of Air thrown out by the Heat, and fet at Li- 
berty by the Agitation of the Wire. The Mer- 
cury is let alone to cool. Afterwards another 
third Part muſt be poured in, which is ma- 


naged after the ſame Manner, At laſt the te- 
maining 
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maining third is poured in. It is ſufficient to 
purify two Thirds of it“. My Barometer is 
prepared after the ſame Manner. 

Let us try an Experiment. Let us ſhut 
the Windows of my Cloſer. — Then balance 
my Barometer. —— In Proportion to the Mer- 
cury's deſcending you may obſerve in the up- 
per Part Columns of Light. 

Ariſt. 1. When the upper Part of the Pipe 
contains a great deal of Air, when it is moiſt, 
or the Mercury is not purged of the Air, 
the Air poſſeſſes a great deal of Room, both in 
the Interſtices and in the upper Part of the 
Tube. The Tube and the Mercury contain 
ſo much leſs ſubtile Matter. What they have 
of it is incloſed in Air, which abſorbs it. It 
hinders its going out of the Mercury, and dulls 
the Action of this Matter as much as Moiſture 
does. 2. But the Heat with the Agitation of 
the Wire ſets the Air at Liberty from the 
Pores, and drives it out of the Mercury. The 
ſubtile Matter enters abundantly and poſ- 
ſefles the whole Space, without allowing the 
Parts of the Mercury, which are ſo many 
Globes conſiderably ſolid, to approach one an- 
other, ſince the Bulk is not diminiſhed. Hence, 
when the Barometer is ballanced, being void 
of Air the Mercury deſcends, in Proportion 
as it deſcends there ruſhes out impetuouſly 
from the Interſtices of the Mercury, to fill up 


* Mem. de VAcad. 1723. p. 299. 
X 3 g again 
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again the Vacuum left in the upper Part, a 
great deal of free ſubtile Matter which is no 
longer detained nor abſorbed by the Air, and 
which carries off with it ſeveral Globules of 
Mercury. At the ſame Time there enters a 
great deal of etherial Matter by the Pores of 
the Tube, in oppoſite Directions, and with 
Rapidity. In the Encounter the etherial Mat- 
ter receives a quick and alternate Motion which 
makes the Light, by the Favour of which ! 
ſee even in the Dark. 

Eud. While the Mercury aſcends by ſha- 
king, there is no ſeeing of the Light. 

Ariſt. The Reaſon is becauſe the ſubtile 
Matter is then in the Interſtices of the Mercu- 
ry, which poſſeſſes the upper Part of the Pipe: 
But when the Mercury deſcends, the ſubtile 
Matter ifſues out of it, in Order to fill up that 
Place which it hath left; it juſtles the etherial 
Matter that comes for the ſame Purpoſe, and 
the Rencounter produces Light. 

Eud. If in this ballancing of the Barometer 
well prepared, ſome Bubble of Air flip into 
the midit of the Mercury which interrupts the 
Continuation of the Column, the Bubble of 
Air acquires a feeble Light by the Shaking *. 

Ariſt. The Reaſon is, becauſe the ſubtile 
Matter which runs abundantly from the Bot- 
tom to the Top through the Mercury while it 
paſſes by the Bubble of Air, finds itſelf ſufh- 


y 19 * PO 
Mor, de Acad. 1723. P. 300. 
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ciently ſtrong for acting upon the etherial Mat- 
ter it encounters therein, ſo as to make ſome 
ſenſible Impreſſion upon our Eyes. 

Eud. After that ſome Bubbles of Air have 
entered into the Top of the Barometer, it lo- 
ſes very much of its Light. 

Ariſt. This Air oppoſes itſelf to the Emana- 
tion, and dulls the Action of the ſubtile 
Matter. 

Eud. — which has been made by 
heating the Mercury and the Tube ſeparately, 
is not in the leaſt luminous; at leaſt M. du 
Fay prepared one after this Manner, which 
gave no Light in the Dark (c). 

Ariſt When Mercury purged of the Air 
without che Tube is poured into it, it paſſes 
Drop by Drop into the groſs Air. This Air 
enters again into the Interſtices of the Mercu- 
ry, from which the Heat had thrown it forth, 
and oppoſes the Effect of the Phoſphorus. 

Eud. It is ſuppoſed that there comes Air out 
of the Mercury when warmed, However the 
Bulk of it is not diminiſhed. 

Ariſft. Probably the Parts of Mercury are fo 
many ſmall Globes conſiderably ſolid, the Pores 
whereof are filled up with ſubtle Matter pro- 
portionally as the Air goes our, ſo chat the 
Parts do not approach one another. 


Eud. Now let us take a Glaſs-Vial, out of “ 


which the Air has been pumped, and which 


(©) Mem. de PAcad. 1723. p. 4or. 
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is cloſed up hermetically; then let us rub it 
with the Palm of the Hand very briſkly — 
Every ſtroke is followed with ſome Light as 
ſenſible as that of the Barometer, which pre- 
cipitates into the Vial. 

Ariſt. By the dry Strokes of the Hand up- 
pon the Vial, or of the Vial upon the Hand, 
the Air is driven from between the Hand and 
the Vial. The ſubtile Matter ſeiſes upon this 
Space before the Return of the Air, which 
is groſſer and not ſo quick in its Motion. It 
accelerates its Motion and penetrates impetu- 
ouſly into the Vial, and ſtrikes and drives be- 
fore it Waves of, etherial Matter: At laſt it 
is thruſt back by it, and from this alternate 
Shock proceeds the Light. Accordingly it is 
only after the Separation of the Vial and the 
Hand, chat the Light ſhines. 

Eud. The Light of the Stone of Bologne is 
more conſtant. You know that the Stone of 
of Bologne is a Stone which is found in [taly 
in a Mountain near to Bolagne. This Stone 
is put into the Fire. After Calcination, ex- 
pole it to the Air. Being afterwards carried 
into an obſcure Place, it becomes luminous. 

Ariſt. While it is a calcinating, the Fire 
ſoftens its Fibres, and renders them much 
more flexible and ſuſceptible of Agitation. 
When it is expoſed to the Air, the Light 
of the Sun communicates its Motion to them. 
The Motion they have received from the e- 
therial Matter in the open Light they preſerve 

for 
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for ſome Time, and communicate it recipro- 
cally to the etherial Matter again in che dark. 
Hence the Light of the Phoſphorus. 

Eud. The greateſt Part of the Phoſþborus's 
do not ſhine but in the Dark. 

Ariſt. The Reaſon is, becauſe the Light of 
the Day being ſtronger renders their Impreſ- 
fions imperceptibla producing in the Organ 
of Sight Vibrations which make them Recoil 
without Effect. 

Eud. Sometimes the urinous Phoſphorus 
ſhines only in the Dark; at other Times in 
the open Day. This Phoſphorus, which is 
like a ſmall Stick of yellow Wax, is not very 
remarkable for its Original. It is drawn from 
Urine by Fermentation and Diſtillation =. 

« I took, ſays an eminent Chymiſtb, the 
* Sediment of Urine, which had acquired the 
« Confiſtence of Soap. I put it into a little 
* Rain-Water, and ſtirred the Mixture 
After I had poured out the moſt liquid Part, 
I ſeparated from it the Excrements. I left 
the Matter inthe ſame Water till it was wholly 
«* precipitated, After that I put into it ſome 
* freſh Water at different Times. After dry- 
ing the Matter which was precipitated in a 
* hot Iron Pot, it was put into two ſmall 
* Retorts and ſet in a very little reverberat- 
ing Furnace. The next Day in the Morn- 


a Hiſt. de PAcad. 1692. p. 304. b Lexiſtence de Dien, 
demontree par les merveilles de la Nature, p. 375. 
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« ing at half an Hour after Six, I put Fire 
« jnto the Furnace, and by half an Hour af. 
« ter Eight or thereabout there began to ap- 
« pear a yellowiſh kind of Matter which aſ- 
« cended ; it was gathered into a Maſs in two 
« ſmall Glaſs Veſſels. At one in the Afﬀeer- 
« noon, when the Smoak and the yellowiſh 
« Matter had ceaſed to aſcegd, two ſmall Veſ- 
« ſels were faſtened to the Retorts and luted. 
« Care was taken to fill them firſt with Wa- 
« ter, yet ſo that the Orifices of the Re- 
ce torts were exactly over the Water; and im- 
« mediately we obſerved Flaſhes of Lightning 
« as it were in the Veſſels ; within three Hours 
ce the Air which was in theſe Veſſels over the Wa- 
« ter appeared inflamed and red, and the PH 
ce phorus was at the Bottom of the ſaid Water. 

This Phoſphorus I has ſurpriſing Properties. 
It has been preſerved in cold Water for more 
than ten Vears c. But being expoſed to the 
Air, it waſtes. If you write with the Matter 
of the Phoſphorus; the Characters cannot be 


t Fire, ſays Boerhave, is collected by the Contiguity of Air 
to certain Bodies, e. gr. to the Phoſphorus, which is a Subſtance 
procurable from the putrified Parts of all Animals and Vegetables. 
For after extracting the Water, Oil, and Salt from the ſame, 
if you continue to urge them with a vehement Fire, you will 
have a blueiſh Smoak, which ſhines in the Dark; and which, 
being caught in a Receiver, and condenſed by proper Cold, con- 
ſtitutes what we call Phoſphorus : Which may be kept in Water 
for twenty, nay forty Years, without any Diminution of its Pro- 
perties; but if expoſed to the Air, immediately takes Fire: 
Whence 1t appears that the mere Attrition of the Air may excite 
Fire. Vide Shaw's Chem. p. 1. p. 259. 


© Exiſt, de Dieu Dem. par les merycilles de la Nature. * 
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ſeen in open Light, but you may obſerve 
them thine in the Dark. If you bruiſe a 
Piece of the Phoſphorus, rubbing it rudely 
with your Thumb, or ſtriking upon it, it 
kindles and takes Fire like a Wax Candle. Ir 
diſſolves in Oil of Cloves, and the Oil becomes 
luminous. 

Ariſt. The Particles of Fire wherewith it 
is impregnated, and the ſubtile Matter that pe- 
netrates it, come out of it loaded with ra- 
mous Particles tho' imperceptible, and form a 
Vortex round it, as it happens about the 
greateſt Part of the natural Phoſþhorus's. Hence, 
I, It is preſerved in Water, becauſe the Wa- 
ter being more ſolid than Air hinders the 
Vortex and Particles of the Phoſphorus from 
diſſipating. 2. Being expoſed to the Air it 
waſtes, becauſe the Air being finer than the 
Water, is no Hindrance to the Diſſipation. 3. 
If it caſts out no Light in open Day, the Rea- 
ſon is, becauſe the Light of the Sun renders 
its Light imperceptible. 4. It ſhines in the 
Dark where there is nothing to dull the A- 
ction of its Vortex upon the etherial Matter. 
5. Being broke it kindles, becauſe the Force 
that breaks it ſets at Liberty the Acids, the 
ſubtile Matter, the Corpuſcles of Fire, and the 
Air that is impriſoned in the Matter of the 
Phoſphorus; the Acids being hurried into the 
ſubtile Matter, and all their Forces united, 
break the Particles of the Phoſphorus; theſe 
Particles being broke and darted from all Sides 
upon 
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upon the etherial Matter, make the Flame 
glitter in our Eyes. | | 

Eud. According to your way of thinking 
one may eaſily account for a very ſingular 
Fact. As M. Caſſini preſſed his Fingers upon 
a dry Phoſphorus folded up in a Linnen Cloth, 
the Fire ſeized on the Linnen; and he in vain 
attempted to extinguiſh the Flame with his 
Foot. He ſaw the Flame ſpread around 
his Shoe. A Braſs Rule was made uſe of to 
extinguiſh the Fire; but it ſhone in the Dark 
for two Months “. 

Ariſt. This Fact brings to my Mind another 
ſtill more remarkable e. It is reported of an 
Enghſh Gentleman, that after a long Walk 
ſome Sparks iſſued out of his Legs and caſt a 
Light upon his Stockings; was not this Phy/- 
pborus very ſurpriſing ? 

Bud. If it is real, as it is rare and im- 
probable, the Agitation of the Walk muſt 
have cauſed an infinite Number of Saline and 
very ſubtile Particles to iſſue out of the Gen- 
tleman's Legs with Impetuoſity by very nar- 
row Pores; which being hurried into the ſub- 
tile Matter, their quick Action upon the ethe- 
rial Matter, muſt have produced therein thoſe 
Vibrations that were the Cauſe of the Light. 

It is affirmed that in the Muſeum belong- 
ing to the Royal Society of London, there is 


d Rep. des Lett. Juil. 1669. p. 23. e Journ. des Sgav. 
6 Sept. 1683. p, 275. 
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to be ſeen an Emerald, which being rubbed 
and heated ſhines in the Dark f. 

Ariſt. After the Rubbing, the violent and 
alternate Agitation of the imperceptible Parts 
of the precious Stone and of the fine Matter 
that penetrates it, may produce this Luſtre by 
darting into the Eyes Rays of che etherial Mat- 
ter that ſurrounds it. 

Eud. The Phoſphorus that ſhines not only 
in the Dark, but even in open Day-light, is 
the Burning Powder. 

The Burning Powder is a Phoſphorus that 
Burns, which if expoſed to the Air diffuſes a 
Light both by Night and Day. At firſt it 
might have been upbraided with its Original. It 
ſeemed too Mean to be capable of producing 
ſo marvellous an Effect; it was only a Mix- 
ture of Excrements and Allum. But at pre- 
ſent it is drawn from all Kinds of Matter, 
both Vegetative and Animal, which contain 
any Sulphur diſpoſed to be opened. Since the 
Experiments made by M. Lemery, it is drawn 
from Meal, the Volks of Eggs, Flowers, Ho- 
ney, Sugar, Sc. 8. There is always ſome Al- 
lum mix'd with it. The Mixture being ſec 
upon the Fire in a ſmall Frying-pan is 
melted. You mult ſtirr it with an Iron Spa- 
tula. In dries; it is broken into ſmall Crums. 
When the Matter is perfectly dry, and in 
{mall Clots, it is pounded and roaſted at different 


f Journ. des Sgav. 25 Mar. 1683. p. 79. s Mem. de 
Acad. 1715. p. 25. 


Times. 


i « Fs.) — bs y 
— — — —— — 
— — — 2 — _—_——_— - — 


318 Cox vERSATIOV XVIII. 


Times. After that you muſt put it into 4 
ſmall Mattras, lightly ſtopt with Paper, and 
ſurrounded with Sand. When the Infide of 
the Mattras is red, in an Hour or thereabout 
you mult let the Fire go out b. The PH 
pborus is preſerved in a Glaſs Vial. If you 
ſhould give me Leave to lay only one Grain 
of it upon your Hand, the Heat will make 
you very ſenſible of the Effect of it, even be- 
fore you ſee it with your Eyes. No ſooner is it 
expoſed to the Air, but it kindles of itſelf 
like a Coal, ſo that there is no Neceſſity of 
touching it. A Grain falling upon Paper burns 
and pierces it. This Phoſphorus can ſet Fire 
to any combuſtible Body. | 

Ariſt. This Phoſphorus is ſulphureous: Like- 
wiſe the Volk of an Egg which is very ſul- 
phureous, affords an excellent Phoſphorus, 
When the Mixture of the Acid and the ſul- 
phureous Matter is prepared upon the Fire, 
an infinite Number of minute Cells in the 
Mixture are filled with Atoms of Fire, of Matter 
ſubtile and continually in a violent Agitation, and 
the Parts of the Mixture are rarefied, unfolded, 
and diſpoſed to receive the Action of the Acid al- 
molt diſengaged from its earthy Sheaths, being 
carried along by the Motion of the ſubtile Mat- 
ter, or of the Corpuſcles of Fire. This Agitation 
is not ſufficient for carrying the Acids rapidly 
into the ſmall Cells of Sulphur, and break- 
ing them, as long as they are ſupported by 


h Mem. ce i'Acad, 1711. p 283. 
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the Sides of the Vial that encloſes them. But 
if they are expoſed to the Air, the Air by its 
own Action, and that of the ſmall Drops of the 
Vapours it carries along with it, ſhakes the 
ſmall Cells much after the ſame Manner as 
Water does in Lime, and helps the Acids to 
get at Liberty. At laſt the ſubtile Matter 
and the Corpuſcles of Fire are Victorious; they 
carry the Acids of the Allum, which are like 
ſo many ſmall Wedges, into the Pores of the 
Sulphur, and break open their ſmall Priſons. 
The Particles being divided and violently agi- 
tated, yet without being wholly ſeparated, 
produce in the etherial Matter a vivid Light, 
and burn the indiſcreet Hand which receives 
the Grains of the Phoſphorus without Di- 
ſtruſt. | 

Eud. You will hardly believe, Ariſtus, that 
even common Water may become a burning 
Phoſphorus. However I have read in good 
Memoirs that a Veſſel in her Voyage to the 
Eaſt-Indies having taken in ſome very good 
Water at S. Jago, ſome time after, when the 
Hogſhead was opened the Water immediately 
took Fire b. 

Ariſt. If you will warrant the Fact, Iſhould 
ſay that this Water was probably impregnated 
with Air, and a great Quantity of Sulphur; 
that this Sulphur had its ſmall Cells full of 
ſubtile Matter violently agitated, but impri- 
ſoned, which only wanted the Hogſhead to 


b Mem. de 'Trevoax. May 1701. p. 190. _ 
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be opened and the ſudden Action of the ex- 
ternal Air be in a good Condition to break. o- 
pen its ſmall Priſons, to dart out on all 
Sides by the Aſſiſtance of the Spring of the 
internal Air the ſurrounding Particles, and 
thereby cauſe this Flame which is ſeen to iſ- 
ſue out all on a ſudden from the midſt of the 
Water. 

Eud. But Ariftus, ſome Phoſphorus's, for 
example, rotten Wood and corrupted Fiſhes, 
whoſe Light is conſiderably vivid, looſe it in 
the Air-pump in Proportion as the Air is pump- 
ed out according to the Experiments of Mr. 
Boyle. Expoſe them to the open Air, or let 
the Air again into the Receiver, and they re- 
ſume their former State i. 

Ariſt. When the Air is pumped out, which 

reſerved the Atmoſphere or Vortex of the 

Phoſphorus's, the Matter that comes out of the 
Phoſphorus's and endeavours to remove from 
its Center, is diſſipated. The Vibrations pro- 
duced in the etherial Matter are weakened, and 
the Light diſappears. The Return of the Air 
reunites the Matter about the Phoſþborus's that 
came out from them, and re-eſtabliſhes the 
Atmoſphere or Vortex ; the Force of this 
being reunited produces in the etherial Matter 
the ſame Vibrations as formerly, and the Light 
appears again with the ſame Brightneſs, 


i Journ. des Sgav. 1678. 9 Av. p. 42. 
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Eud, Finally, Ariſtus, how do the Phoſpho- 


rus's or luminous Bodies make themſelves vi- 
fible? How: do they diſcover Objects to us? 
Ariſt. You, will do me a great Pleaſure, 
Eudoxus, to explain yourſelf upon this Sub- 
„„ 
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Concerning 4 ght. 


Eud. IN order to explain, Ariſtus, accord- 

ing to your Deſire, after what Man- 
ner we diſcern Objects, I ſhall begin firſt with 
ſome Obſervations, 1. I call a Ray of Light Þ, 
a ſingle Ray, an optic Ray, the whole Line of 
etherial Matter that paſſes through the Hu- 
mours of the Eye, and produces a Senſation. 
2. The ſingle Ray (a6 cd Fig. 27.) which 
falls perpendicularly upon the Eye and Hu- 
mours, and paſſes through the Center of the 
Pupil and the Humours is no way broke, be- 
cauſe it meets with no more Refiſtance on one 
Side than another, nothing to turn it aſide; 


and this is the optic Axis, the Axis of Viſion, 
Of ſimple Rays are formed the Pencils, the 


Pyramids, or the Cones (ef, a d, g H oppoſed * 


+ Confer Notes on Converſation, XV. Supra. 
Vor, II. * by 
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by the Baſe. Theſe Cones and Pyramids are 
as it were ſmall Bundles of fingle Rays, which 
iſſue from a Point of the Object, and after being 
ſcattered and broke, they unite again upon the 
Retina. 

This being ſuppoſed; from every Point of 
the Object there proceeds a Pyramid, a Cone 
or Pencil, the Baſe whereof is in the Pupil of 
the Eye, fince there paſs through every Point 
of the Pupil Rays that deſcribe every Point of 
the Object upon the Retina. The Rays of e- 
very Cone or Pencil, are at laſt reunited, up- 
on a Point of the Retina, making a ſecond 
Cone oppoſed to the former by the Baſe. 
The truth is, the fingle Rays (a b, ac) which 
fall obliquely upon the crooked' Surface of 
the aqueous Humour, paſſing from the Air 
into a thinner Medium approach the perpen- 
dicular (h i); then going obliquely from the 
aqueous Humour into the Cryſtalline, which 
is convex on both Sides, and in Regard of the 
aqueous Humour much the ſame as Glaſs is 
in Regard of Water, they enter into a Me- 
dium ſtill more rare and continue to approach 
the Perpendicular (#/), From the Cryſtalline 
they paſs obliquely into the vitreous Humour; 
and fince they paſs from a thicker Medium, 
and conſequently more eaſy, into a Medium 
that is leſs free, they recede from the Perpen- 
dicular (n n. | 

Now, according to the Meaſure of their 


approaching the Perpendicular in the aqueous 
: Hu- 


e 
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Humour, and in the Cryſtalline, and of their 


receding from the Perpendicular in the vitreous 
Humour, they continually draw nearer one 
another until they are reunited in a Point (d) 
upon the Retina, The Rays that iſſue from 
other Points of the Object, are ſeparated after 
the ſame Manner, and come to be reunited 
upon fo many Points of the Retina much af- 
ter the ſame Manner and by the ſame Prin- 
ciple. 

The Rays which are united upon the Reri- 
na carry thither the Images or Impreſſions of 
the Objects. In a Dark-Room place the Eye 
of an Ox directly over againſt a Hole that gives 
Admittance to the Light; the external Ob- 
jets are painted upon the Bottom of the 
Eye. 

5 inally according to the Laws of the Union 
between Soul and Body, by Means of the Im- 
preſſion conveyed by the optic Nerve and the 
Retina to the Seat of the Soul's Reſidence, the 
Soul perceives colour d Objects; and this is Vi- 


hon 4. 5 
Would 


The Cornea is more Convex than any other Part of the 
Globe ; by which Means, all the Rays are gathered to paſs 
thro the Papilla, and none of them are laſt upon the Lea. 

The aqueous Humour being the thinneſt and moſt liquid, ea- 
fly changes its Figures; when either the Ligamentum Ciliare 
contracts, or both the oblique Muſcles ſqueeze the Middle of 
the Bulb of the Eye, to render it Oblong when Objects are too 
near us. 

The Straight Fibres of the Uvea dilate the Pupilla, when there 
are but fe Rays of Light; and the circular Fibres contract it, 


when they are too many. When the Pupilla is contracted, = 
Y 2 e 
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Would you ſee, Ariſtus, what happens in 
the Eye the Moment we ſee? Let us go into 
the neighbouring Room ready prepared. The 
Light e enters only by a circular Hòle. A white 
Cloth hung perpendicularly: over againſt the 
Hole that receives it. The Objects are painted 
thereon faintly and inverted. See here the 
Dome of the Sorbonne, the Top below and 
tlie Baſe above: (Hg. 28. ))). 

Ariſt. The Rays (a 6) that come from the 
Top of the Dome, proceeding from a Place 
more elevated than the Hole of the Room, 
21 8 SuRCTI CL OOJISHIET £11654 | 
ſee moſt dutinctiy j When; it is dilated, we ſee moſt clearly, 
The glaſſy. Humour keeps the cryſtalline Humour at ſuch a Di. 
ſtance from the Retina, as is neceſſary for uniting the Rays which 
come from one Point of the Object, exactly in one Point of the 
Retina. a . ; 

The Impreſſion of the Object is made upon the Retina; the 
Choroides is tinctured Black, that the -Rays'of Light which paß 
through the Retina, may not be reflected, back again, to eonfuſe 
the Image of the Object. Being diſtin, Viſion conſiſts in the 
Union of all the Rays which come from one Point of the Object, 
exactly in one Point of the Retina; and that the Rays which 
come from Objects at different Diſtances, are united at different 
Diſtances, behind the cryſtalline Humour : They cannot both be 
united exactly upon the Retina; therefore the Eye cannot ſee e. 
qually diſtinctly at the ſame Time Objects at different Diſtance, 
It is for this Reaſon that the Globe of the Eye moves fo quick- 
ly, and almoſt continually, and that the Muſcles of the Eyes 
have ſuch a great Quantity of Nerves to perform their Mo- 
tion. 

When the Globe of the Eye is flat, as happens ſometimes in 
old Age, that the Rays paſs the Retina before they unite, in 
ſuch a Caſe there is no diſtin Viſion ; and ſuch as have this 
defect, are called Preſytæ. And if, on the contrary, the Globe 
of the Eye be ſo convex as to unite the Rays before they come 
to the Retina, neither is there then any diſtin Viſion, and ſuch 
as have this Defect are called Myopes KeiPs Anat. p. 204. 
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when they have entered obliquely by the Hole 
carry their Impreſſion to the inferior Pam of 
the white Cloth. On the contrary, tha Rays 
(cd) that come from the Baſe, proceeding 
from a Place lower than the Hole carry their 
Impreſſions to the Upper Part of the white 
Cloth. Both the ontand the other come in 
the Situation they have on the Cloth to ſtrike 
our Eyes. But the Soul naturally refers Ob- 
jects to the Extremity of the direct Rays, which 
touch the Organ of Sight. Thence it comes 
to paſs that the moſt immoveable Edifice ap- 
7 inverted, even to the moſt piercing Eyes. 
y the ſame Principle, other Objects appear 
in a Situation that is not natural to them, The 
Rays which iſſue from the Head and the Feet 
croſs one another in the Hole. Thoſe which 
come from the Head terminate below, and 
the other above upon the Cloth. Wherefore 
Men appear upon the white Cloth wich their 
Heads downward. N 

Eud. Apply a Lens to the Hole which re- 
ceives the Rays. — All the Objects have the 
molt lively Colours upon the white Cloth. — 
It is a delightful Proſpect. The Men walk 
thereon diſtinctly with their Feet uppermoſt 
and their Heads undermoſt, and yet walk with 
equal Swiftneſs. 

Ariſt, A Glaſs which unites the Rays that 
come from every Point of the Object upon as ma- 
ny Points of the white Cloth, ought to produce 

bd & this 
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this marvellous Effect. It ought to make the 
Colours of the Object ſtronger without giving 
it 4- new Situation, ſeeing the Rays paint the 
Image ſuch upon the Retina as it is upon the 
white Cloth. Now, the lenticular Glaſs 
which you apply to the Hole unites the Rays 
after this Manner; fince being convex it draws 
them near one another in removing from 
the Perpendicular, the Moment they go 
forth. 

Eud. The Cryſtalline is a Kind of len- 
ticular Glaſs. The Rays of every Pencil 
approach and break one another therein. 
Then the Pencils, which diverge from one 
another, carry their Impreſſion to as many 
Points of the Retina, which makes them 
paſs, if I may be allowed the Expreſſion, 
even to the Soul. The Fall of the Rays 
upon the Retina and upon the white Cloth 
is much the ſame. Thoſe which enter by 
the Upperpart of the Pupil of the Eye, ter- 
minate in the lower Part of the Retina; and 
thoſe which enter by the lower Part of the 
Pupil, terminate in the upper Part of the 
Retina, So that the Image of the Object is 
turned upfide down upon the Retina, as well 
as upon the white Cloth. 

Would you ſee in the Bottom of the Eye 
both the Image and Situation of an Object 
drawn by Nature itſelf ? Make a ſmall Hole 

in 
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in the back Part (4) of an Ox's Eye newly 
ſlain; let the Eye be yet warm, if poſſible. 
(Eg. 29.) You muſt take Care not to in- 
jure the Membrane which immediately en- 
cloſes the vitreous Humour. Set a lighted 
Wax Candle before the Ball of the Eye; you 
will fee the Flame (6 c) turned upſide down 
upon the Retina (d e), as if the Flame had 
on a ſudden loſt or forgot its natural Light- 
neſs, and was carried towards the Center of 
the Earth. 

Arift. But why does the Object, whoſe 
Image is inverted upon the Bottom of the 
Eye * as upon the white Cloth, appear ne- 
vertheleſs in its natural State to the Soul ? 

Eud. The Reaſon is, becauſe the Soul na- 
turally refers to the Extremity of the di- 
rect Rays the Things which they repreſent, 
and becauſe in the Points (6, e, where theſe 
Rays terminate the Object is found in its na- 
tural Situation. 

Now, Ariſtus, inſtead of one convex Glaſs 
let us uſe two. Place them over againſt the 
Hole of the Dark-Room about Seventeen 


* We muſt anſwer this Queſtion by aſkjng another. viz. 
Whether it is more eaſy to conceive the Connexion between 
an Idea in the Mind, and an erect Figure than an inverted 
one? We confeſs, with *SGraveſaude that we have no Notion 
of that Connexion in either Caſe : But Experience teaches us, 
that there is a Connexion between an inverted Picture in the Eye, 
and the Idea of an erect Object; and farther than this we do 


not know. 
Y 4 Inches 
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Inches diſtant from one another. The Image 
which was upſide down upon the white Cloth, 
is ſet upright again all on a ſudden. What 
a ſudden Comelineſs is reſtored to it by its na- 
cural Situation? 

Ariſt. The Rays being broke in the Firſt, 
crols and diverge from one another with 
the Situation which repreſents Objects in- 
verted, before they enter into the Second. 
The Second which breaks them anew col- 
lecting them nearer to one another gives 
them a contrary Situation, directing thoſe be- 
low toward the upper Part of the Cloth, 
and thoſe above toward the Lower; and this 
change re-eſtabliſhes the Objects in their na- 
tural Situation. 

Eud. Let us only uſe one Claſs— The 
farther diſtant the white Cloth is from the 
Glaſs, the larger is the Image deſcribed on 
the Cloth. The leſs diſtant it is, the ſmaller 
it is. 

Ariſt. That is becauſe the luminous Pen- 
cils which diverge, make a Cone of Light 
whoſe baſe being ſpread upon the white Cloth, 
is ſmaller when nearer, and * when far- 
ther off. 

Eud. For the ſame Reaſon, Thoſe whoſe 
Retina. is fartheſt diſtant from the Pupil, all 
Things elſe being equal, ſee the Objects lar- 
Fo The Pencils of Rays terminating in 

oints of the Retina which are more 111 

| rate 
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rated muſt deſcribe a greater Image; and 
the apparent Largeneſs of the Object anſwers 
to the Image of the Object deſcribed upon the 
Retina. | * A 

The Image of the Object would be con- 
fuſed, if the white Cloth were too near or 

too far from the Hole that lets in the Rays. 
Ariſt. The Image of the Object is diſtinct 
when all the Rays that proceed from every 
ſenſible Point of the Object happen to be re- 
united upon as many Points of the Retina; 
becauſe then the Retina conveys to the Soul 
clear and diſtinct Impreſſions of every ſenſible 
Point of the Object. By a contrary Reaſon the 
Image of the Object muſt be confuſed, when the 
Rays that come from every Point of the Object 
are reunited in Pencils upon as many Points 
of the Retina. This being ſuppoſed, if the 
white Cloth ſhould be too near the Hole, 
the Rays that proceed from every Point 
of the Object would fall upon the Cloth, 
but ſcattered, and before they unite them- 
ſelves in the ſame Point in Form of Pen- 
cils. If the white Cloth ſhould be too far 
off from the Hole, the Rays might fall up- 
on the Cloth;. but this would be after they 
are united in their Focus, or in the Point of 
Union, and are again ſcattered ; conſequent- 
ly they would till fall ſcattered. Now, they 
being ſeparated in this Manner they would 
not convey lively and diſtin Impreſſions of 


7 every 
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every Point of the Object. Hence the Image 
thereof would be but confuſed. | 
We have entertained ourſelves, Eudoxus, 
with Problems of Anatomy. I fancy, we 
muſt do the ſame now with Problems in Op. 


rics. 
Eud. Very good; to Morrow we ſhall fe 
who will be able to explain the moſt. 


CONVER- 


Optical Problems explained. 33 


CoNVERSATION XX. 


Mherein are explained ſeveral Prob- 
lems in Optics. 


Eud. J Believe, Ariſtus, that I ſee you, and 
it gives me a great deal of Pleaſure: 
But pray, according to your Principles, is it 
not a Deluſion? For to ſee an Object there 
muſt come through the Pupil of the Eye to 
the Bottom of it, an Impreſſion of every Point 
of the Object. How can that be? The Pupil 
is too ſmall to receive at once ſo many Rays 
as there are Points in the Object. The Col- 
lection of theſe Rays, which are ſmall Strings 
of Globules almoſt wholly equal, muſt make 
an Extent in Largeneſs equal to the Surface of 
the Object, equal for Example to the Surface 
of che Heaven which we behold. Can a Col- 
lection of Rays ſo large paſs through the ſmall 
Hole of che Pupil? | 
_ For receiving in the Eye an Impreſſi- 
on of every Point of the Object, it is not ne- 
ceſſary that there enter into the Pupil as ma- 
ny Rays as there are Points in the Object, if 
one and the ſame Ray can convey into the Bot- 
tom of the Eye an Impreſſion of almoſt _ in- 
ite 
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finite Number of Points. Now, one and the 
ſame Ray, one ſingle Globule can do it. For 
it has a Relation to almoſt an infinite Number 
of Points, ſeeing one can draw from a Globule 
Lines to all the Points of the Object. How 
do we receive Impreſſions from all the Points 
of an Object, without the Entrance of ſo many 
diſtin& Rays in all their Extent into the Pu- 
pil? Of the celeſtial Globules there is formed 
a luminous Cone, whoſe Baſe is upon the Sur- 
face of the Object; and its Top in the Pupil, 
The Globules of the Top having Relation to 
all thoſe which are in the Baſe, receive from 
them all at the ſame Time compound Impreſ- 
ſions, which they: convey into the Bottom of 
the Eye. Hence, the Image of Objects. 


But ſince each of the Eyes receives an Image 


of the ſame Object, ought not the Object to 
appear double? | 
Eud. If the Soul refer the two Images of 
the ſame Object to the ſame Place, the Object 
ſhould not appear double; the Soul does not 
ſee an Object double precifely at the ſame Point 
and at the ſame Place. Bur ſhe refers the two 
Images of the ſame Object to the ſame Point. 
For in a Word, ſhe refers them to the Extre- 
mities of the two optic Axes (a,b), Fig. 30. 
and theſe two Extremities terminate in the ſame 
Point (d). Preſs the Corner of one Eye, fo that 
the optic Axis of that Eye ſhall not termi- 
nate at the ſame Point with the other; and the 


Object will appear double. Seeing double is 
not 


> 
ww 


—— , 


£** G48 + 


+ _ 4 

eee * — — 

1 — a 
3 — — — — 
JE —— — 


— — 


> — 


— 


— 


— 


—— — — — ————x — —_—_— 


— — — — - — — — — — 
— . 7˙˖—rÜ 7—3˙L — ——— H —̃ wm 


2 - ——— 


— 
— 


CN — — — 


Optical Problems explaiued. 333 


not always the Conſequence of Drunkenneſs. 
Some Kinds of Sickneſs cauſe this Inconveni- 
ence. Sometimes it is born with us; and 
then we are in continual Confuſion, when we 
have Occaſion to diſtinguiſh Objects. 

But two ſound Eyes, which ſee the ſame 
Object, do not however ſee it after the ſame 
Manner. Let us hang up a Ball in the midſt 
of a Window wide open. Look upon this 
Ball firſt with one Eye, and then with che 
other. The left Eye ſees the Object larger 
and more diſtinct, than the right Eye; this is 
an Experiment of Borelli k. 

Ariſt. May not this ſingular Effect proceed 
from this, that the left Eye is nearer to the 
left Cavity. of the Heart, from which the Blood 
and Veſſels flow? As the Way from the left 
Cavity to the Brain is ſhorter by the left Ca- 
rotide than by the right, it is poſſible that the 
left optic Nerve receives more Spirits by the 
left Carotide, than the right optic Nerve re- 
ceives by the right Carotide; and this Exceſs of 
Spirits may give the left Eye a greater Share 
of Force and Vivacity. | 

Eud. If the Eyes of a Man cannot move the 
one without the other, the Reaſon is probably 
becauſe the Origin of the motory Muſcles is 
ſuch that the Spirits cannot penetrate into the 
one, without flowing after the ſame Manner 
into the other. And if the Chameleon can, 


* Journ. des Sgav. 1. Nov. 1672. 
| as 
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las M. Boyle has obſerved, move his Eyes inde- 
ndently of one another, it is a contrary Rea. 

ſon. But why do the largeft Objects at the 

fame Diſtance appear largeſt? . 

Ariſt. Becauſe they produce a larger 1. 
mage upon the Retina. Objects produce up- 
on the Retina ſo much the larger Image, by 
how much the farther diſtant the Places of 
the Retina are, upon which the Rays that 
come from the Extremities of the Object fall, 
after they have croſſed one another in the Hu- 
mours of the Eye. But the Rays that come 
from the Extremities (a Y), Frg. 31. of the 
greater Objects, after having croſſed one an- 
other, terminate in the Points (e 4) that are 
farther divided. The greater the external An- 
gles be that are formed by the Rays which 
come into the Pupil of the Eye, the greater 
are the internal Angles, formed by the ſame 
Rays after they have croſſed one another; the 
Angles oppoſite at the "Y are equal: And the 
greater the Angles are, the farther diſtant are 
the Points where their Sides terminate when 
divided. Hence the greateſt Objects at the 
ſame Diſtance appear greateſt. 

But why do the ſame Objects ſeem to in- 
creaſe in Proportion as they approach us, and 
to * in Proportion as they remove from 
us; 


| Bibl. univ. & hiſt. Av. 1668. T. IX. p. 69 
2 Eud, 
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Eud. The Reaſon is, becauſe their Image 
which is deſcribed upon the Retina, augments 
in Proportion as they approach, and'diminiſhes 
in Proportion as they remove. - wet 

1. The Image of Objects augments in Pro- 
portion as they approach. It augments in Pro- 
portion as the Angle of Viſion (e fb), Fig. 32. 
formed by the Rays that proceed from the Ex- 
tremities of every Object, increaſes after ha- 
ving croſſed one another in the Eye. This An- 
gle increaſes in Proportion as the external and 
oppofite Angle on the Top (i] is enlarged, 
The external Angle is enlarged in Proportion 
as the Object that produceth it, approaches the 
Eye. For in Proportion as it is nearer the 
Eye, it advances toward the Point (/) of the 
Angle which is in the Pupil of the Eye, or in 
the Membrane that covers it. In Proportion 
as the Object advances in this Manner, the 
Parts of the Sides of the Angle which are near- 
er the Point, are farther diſtanced In Pro- 
portion as theſe are ſeparated, the Parts ſar- 
ther diftant are alſo ſeparated, and the Angle 
increaſes. Therefore the Image of Objects in- 
creaſes in Proportion as they approach. 

2. The Image of Objects diminiſhes in Pro- 
portion as they are removed. It diminiſhes in 
Proportion as the Angle of Viſion (nn) is di- 
miniſhed in the Eye. This Angle diminiſhes 
in Proportion as the external Angle (e, p and 
oppoſite on the Top is diminiſhed; this dimi- 
niſhes in Proportion as the Object is removed. 

I. 
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In ſhort, the Sides of the Angle which are more 
and more ſeparated, in Order to let the Object 
approach the Top of the Angle, draw nearer 
one another proportionally as it withdraws; and 
the Angle decreaſes in Proportion. Therefore 
the Image of Objects diminiſhes in Proportion 
as they are removed. In a Word, the fame 
Obje& appears bigger in Proportion as it is 
nearer to us, becauſe it appears under a great- 
er Angle: It appears ſmaller in Proportion as 
it is more remote, becauſe it appears under a 
leſs Angle. 

Hence, other Things being equal, if Object 
are farther diſtant, they thereby appear ſmal- 
ler. If they are nearer, they then appear the 
larger. The apparent Bigneſs of Objects an- 
ſwers their Diſtance. One Star whoſe Diameter 
is ſeven Times greater than another, but at 
ſeven Times the Diſtance, appears with the 
ſame Bigneſs. 

You conceive, probably, Ariſtus, why in a 
fine and long Avenue two parallel Rows of 
Trees ſeem continually to approach one an- 
other more and more, in Proportion as they 
remove from your Eyes, and to terminate al- 
moſt in a Point. . 

Ariſt. The farther the parallel Trees are re- 
moved from my Eyes, the more is the external 
Angle of Viſion that is formed by the Rays 
which come from the parallel Trees, diminiſh- 
ed, Fg. 33. Seeing this Angle is diminiſhed in 
Proportion as the Objects are farther _ 

The 
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ſion upon the Rerina. 


* Optique. de Fabri. b. zi. Z 


Vor. II. Gene- 
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Generally old Men read better at ſome Di- 
ſtance than very near. | 

Ariſt. That is, becauſe the Rays which 
come from a greater Diſtance, being united in 
greater Quantity upon the fame Part, upon the 
ſame Points of the Retina, make the Imprefſi- 
on there much ſtronger. | 

Objects that are beheld too near are only 
ſeen confuſedly. : 

Eud. That is becauſe the Angles that the 
Rays make being too great, the Rays which 
proceed from each Point of the Obje& are too 
much ſeparated, and are not ſufficiently united 
upon the ſame Parts of the Retina. 

Ariſt. Nevertheleſs they who are ſhort ſight- 
ed ſee thoſe Objects more diſtinctly that arc 
near them. | 

Eud. Thoſe who are ſhort- ſighted have the 
Cryſtallin roo convex, and the Retina too far 
diſtant from the Cryſtallin. Whence it comes 
to paſs that the Rays which compoſe the Pen- 
cils, when ſeparated from every Point of the 
Objects at ſome Diſtance, are united again, and 
croſs one another in the Eye before they reach 
the Retina, which they never do without be- 
ing ſcattered, and conſequently incapable of 
deſcribing a diſtin Image. Thus a concave 
Glaſs which diſperſes the Rays, and hinders 
them from uniting again too ſoon, is good for 
thoſe who are ſhort-fighted. But when the Ob- 
jects are very near to ſuch Perſons, the Rays 
which in that Caſe diverge very much, crols 

| I one 
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one another more ſlowly, and not being reuni- 
ted but upon the Retina, carry a very ſtrong 
Impreſſion from every Point of the Objects; 
which makes them ſee diſtinctly. 25 

Ariſt. You will tell me farther, whence 
proceed thoſe upper and under Rays that are 
darted into our Eyes by the Light of a Candle, 
or the Stars. | 

Eud. Theſe are Rays reflected into the Eyes 
by the Extremities of the Eyelids: Reflected, 
I ſay, downward by the Extremity of the up- 
per Eyelid, and upward by the Extremity of 
the lower Eyelid. Accordingly theſe Rays do 
not appear but when you draw the Eyelids ve- 
ry near one another, in ſuch Manner, that the 
Pupil may receive theſe Rays, which ſeem to 
_ with Rapidity from the Candle or the 

cars, 2 

The Stars do not appear in full Day-Light 
upon a ſimple View, when one looks upon the 
Heaven from the Surface of the Earth. 

Ariſt. The Reaſon is, becauſe the Impreſſi- 
on of the Sun is a great deal ſtronger, and the 
Vibrations produced by it in the Organ of Sight 
repel and render that of the Stars impercep- 
tible. | 
Eud. Nevertheleſs, from the Bottom of a 
Well the Stars may be ſeen in full Day- 
Light. 

Ariſi. That is becauſe in the Bottom of a 
Well the Impreſſion of the Stars is much 
ſtronger in their Turn; ſince there the * 

; 2 2 © 
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of the Stars fall perpendicularly upon the 
Eyes without being weakened by any Reffecti. 
on, whilſt the Rays of the Sun that can only 
enter there obliquely do not reach the Eyes 
or at leaſt only after they have been much 
weakened by a great Number of Reflections. 

Eud. But why ſhould we deſcend into a Well 
for to ſee the Stars at Noon Day? With a Te- 
leſcope we may diſcover, even from the Sur 
face of the Earth, Planets and fixed Stars of 2 
certain Magnitude, in full Day-Light, and that 
in the Meridian with the Sun *. 

Ariſt. That is, becauſe ordinarily the Glaſſes 
of Teleſcopes augment the Image of the Pla- 
nets, and the Tube which is dark and long hin- 
ders the direct Impreſſion of Objects from be. 
ing defaced by the oblique and reflected Ra): 
of the Light at Noon-Day. 

Eud. You need only preſs with your Finger 
the Corner of the + Eye, and you may ob- 
ſerve a Sort of Stars in the Dark. 1 

e 


*Mem. de Acad. 1700. p. 289. 


When a Man in the dark preſſes either Corner of his Eye with 
his Finger, and turns his Eye away from his Finger, he will ſe 
a Circle of Colours like thoſe in the Feather of a Peacock's Tail. 
If the Eye and the Finger remain quiet, theſe Colours vaniſh in 
a ſecond Minute of Time, but if the Finger be moved with 4 
quavering Motion, they appear again. Do not theſe Colours 2- 
riſe from ſuch Motions excited in the Bottom of the Eye by the 
Preſſure and Motion of the Finger, as at other Times are excited 
there by Light for cauſing Viſion ? and do not the Motions once 
excited continue about a ſecond of Time before they ceaſe? And 
when a Man by a Stroke upon his Eye ſecs a Flaſh of Light, arc 
not the like Motions excited in the Retina by the Stroke? And 

-when 
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The celeſtial Globules wherewith the Hu” 
mours of the Eye are filled, being agitated bY 
the quick and alternate Impreſſion of the Fin- 
ger agitate the Organ of Sight, and give it this 
Impreſſion, which is naturally followed with 
ſome Senſation of Light. 

The Light gives a ſquare Tower at a Di- 


ſtance the Figure of a round one. 


Ariſt. As the Angles of the Tower make no 
ſenſible Angle of Viſion in the Eye by Reaſon 
of their exceſſive Diſtance, we do not diſcern 
them at all; and ſinee we cannot diſcern the 
Angles of the Tower, it muſt appear round. 

Eud. Upon the fame Account the Moon ap- 
pears round, although ſhe has conſiderable In- 
equalities, as has been obſerved with Tele- 
ſcopes. 

Ariſt. The Moon appears bigger on the Ho- 
rizon 7, than in the Meridian, 

| Eud. 


when a Coal of Fire moved nimbly in the Circumference of a 
Circle, makes the whole Circymference appear like a Circle of 
Fire, is it not becauſe the Motions excited in the Bottom of the 
Eye by the Rays of Light are of a laſting Nature, and continue 
till the Coal of Fire in going round returns to its former Place? 
And conſidering the Laſtingneſs of the Motions, excited in the 
Bottom of the Eye by Light, are they not of a vibrating Nature? 
Newton's Optics. p. 321. | 

t An Object appears the leſs according as it is more diſtant ; 
whence it happens, that according to the greaten Diſtance of the 
Object, if it be known, the apparent Magnityde of the Object is 
zncreaſed in the Judgment that our Mind makes of it, which we 
do without any Attention to it. Therefore the ſame Object, at 
the ſame Diſtance, appears of a different Magnitude, if we judge 
differently of the Diſtance, We _ a remarkable Inſtance of 

e 3 this 
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Eud. There are different Reaſons alledged 
for that. 1. When the Moon is in the Hori. 
zon, ſays P. Malbranc he m, we naturally com- 
pare the Diſtance of the Moon with the Di- 
ſtance of the ſeveral Objects which we ſee, and 
which we know to be at a great Diſtance; and 


this Compariſon makes us look upon the Moon 


as farther diſtant than when ſhe is elevated 
much above the Horizon. For which Reaſon 
we naturally judge her to be larger. But why 
does ſhe not ceaſe to appear bigger in the Ho- 
rizon, when we behold her thiough a ſmall 
Tube that hinders us from ſeeing the Earth 
and naturally comparing the one with the o- 
ther? 

2. According to the Opinion of M. Gaſſendi, 
when the Moon is in the Horizon, her Light 
paſſing, through a greater Quantity of Vapours 
has leſs Strength, and the Pupil of the Eye 


this in Reſpect of the Sun and Moon, which appear greater when 
near the Horizon, than at a greater Height; tho? as is known to 
Aſtronomers, the Picture of the Sun in the Bottom of the Eye 
is the ſame in both Caſes, and that of the Moon is leſs when it 
appears near the Horizon ; we cannot judge of the Diſtance in ei- 
ther Caſe, but it appears greater near the Horizon, by Reaſon of 
the Interpoſition of the Fields and Part of the Heavens. If we 
ſee the Bodies abovementioned through a Tube, this apparent 
Diftance vaniſhes, as alſo the Magnitude which is deduced from 
it. From our Childhocd upwards, and fo continually, we join 
the Idea of Diſtance with the Increaſe of apparent Magnitude 
(which is neceſſary for making a true Judgmerit concerning Mag- 


nitud-) whereby the Ideas are ſo cloſely joined, that they cannot 


be ſeparated, not even in thoſe Cafes, in which we know that 
they lead us into Error. S'Grave/ande, Part II. p. 66. 


= Conyzs. XII. Metaph, hich 
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which is ſtraitned by a ſtrong Light, in ſtrait- 
ning the Iris, whoſe Fibres it pricks and pe- 


netrates, is enlarged and receives more Rays. 


In ſhort, when a Child looks attentively upon 
an Object that is very nigh or not clear, you 
may obſerve the Ball of its Eye to be ſtraitned. 
Now a greater Number of Rays received into 
the Bottom of the Eye produces upon the Re- 
tina a greater Image of the Object, and enlar- 
ges the apparent Diſcus of the Moon. Ac- 
cordingly the fame Object, at the ſame Di- 
ſtance, appears bigger in an obſcure Place, 
than in one very much enlightened. Bur it 
is not always when the Light is weak that the 
Moon appears bigger in the Horizon. 

3- When the Moon is in the Horizon, its 
Rays paſs through more Globules of Vapours, 
ſeeing they traverſe half of the ſenſible Hori- 
zon in the Atmoſphere. But theſe ſmall Glo- 
bules of Vapors are like Microſcopes, which 
break the Rays, and make the Objects appear 
larger. Thus the Rays which paſs through a 
Vial full of Water, repreſent Objects much 
bigger. Hence, the Moon as well as the Sun 
appears bigger in the Horizon. 

The Moon and Sun appear above the Hori- 
zon before they really are fo, as likewite after 
they are gone down, ſince Meſſ. Caſſini and Ma- 
raldi have obſerved an Eclipſe of the Moon, 
which began while the Sun was yet above the 
Horizon a. | 


n Mem. de PAcad, 1711. p. 224. 
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Ariſt. That is becauſe the Refraction of the 
Rays in the Atmoſphere makes the Sun and 


Moon appear more elevated than they are. A 


perſpective Glaſs directed the whole Day to- 
ward the ſame Object, ſeems to elevate it both 
Morning and Evening, and depreſs it towards 
Noon. For what Reaſon? The Morning and 
Evening Rays cauſe Refractions which elevate 
Objects, Houſes and Towers. Toward Noon 
the Sun has diſſipated the Vapors and Refracti- 
ons, ſo that their natural Bigneſs is again re- 
ſtored. in _” 
Eud. The Sun appears to riſe ſooner in our 
Climate than toward the Equator, and ſooner 
toward the Pole than here. ; 
Arif, That ought to happen if the horizon- 
tal Refractions are greater in theſe Countries 
than about the „ and toward the Pole, 
than here; ſince the greater Refractions elevate 
Objects. But they are much greater in Reali- 
ty, about a third Part greater in our Climate 
than toward the Equator, and almoſt the dou- 
ble of ours towards 55 or 56 Degrees of Lati- 
tude o. And for this Reaſon, becauſe the Air 
which we breathe being colder than toward 
the Equator, is groſſer, and contains groſſer 
Vapors; and upon that Account the Air is 
groſſer, and contains groſſer Vapors toward the 
Pole. The groſſer the Vapors and Air be, the 
mote ſolid are the Pores, the leſs they are in- 


* Hiſt. de “Acad. 1706. p. 103. 
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cumbered, and the freer are the Paſſages of 
Light. 

Ru However the Refractions are greater 
in boiling Water than in cold, ſince in boiling 
Water the Rays approach nearer to the perpen- 
dicular ?. | 
Ariſt. That is becauſe the Heat hath driven 
out of the boiling Water a great deal of Air 
which cloſed up or crowded the Paſſages of 
Light. 

Eud. We need not then be ſurprized if the 
Sun's Diſtance from the Equator be leſs in the 
Winter Solſtice than in the Summer Solſtice, 
as has been remarked by P. Lovald; ſeeing the 
Refractions muſt be greater in Winter v, and 
conſequently augment the Elevation of Ob- 
jects. | | | 
In ſhort, Objects ſeen together by an hori- 
zontal Ray do not always appear in the ſame 
Situation: From the fame Window and the 
ſame Point a Mill ſometimes ſeems to be 
plunged in Part below a neighbouring Build- 
ing, ſometimes wholly elevated above the ſame 
Building, at other Times intirely hid 5, 

Ariſt. The different Temperatures of the in- 
terjacent Air, the Quantity, Conſiſtence and 
Mixture of the Vapors cauſe this Variety. 
Different Beds of Vapors ſpread through the 
Air, ſome above and finer, others below and 


P Ibid. 1702. p. 15. q Mem. de V Acad. 1706. p. 80. 
7 Hiſt. de Acad. 1700. p. 110. s Mem. de VAcad. 
1706. p. £0. g 
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groſſer, more or leſs mixed, produce Refracti. 
ons ſometimes greater, ſometimes ſmaller. The 
greater Refractions elevate the Objects more, 
and make the whole Mill to be ſeen above the 
neighbouring Building. The ſmaller Refracti- 
ons elevate the Objects leſs, and only diſcover 
a Part of the Mill. If che Air is pure, and not 
in a Condition for producing horizontal Re- 
fractions any thing ſenſible at a certain Di- 
ſtance, Objects do not appear in the leaſt ele- 
vated by the RefraCiions, and the Mill remains 
entirely hid. 

Ead The Refractions of an Object ſeen up- 
on the Earth are ſo much the greater as it is 
farther diſtant, and greater in the Morning than 
at Noon, all Things elſe being equal. 

Ariſt. Probably the Reaſon is, becauſe then 
there is a greater Quantity of Vapors, ar ſuch 
as are groſſer betwixt the Object and the Eyes. 

Eud. Your Hypotheſis concerning Refracti- 
ons ſeems probable, Ariſtus; but will not the 
Iſland Cryſtal || overturn it? This Cryſtal is a 

| Stone 


t Hiſt. de Acad. 1706. p. 102, . 

If a Piece of this cryſtalline Stone be laid upon a Book, every 
Letter of the Book ſeen thro? it will appear double, by Means of 
a double Refraftion. And if any Beam of Light falls either per- 
pendicularly, or in any oblique Angle upon any Surface of this 
Cryſtal, it becomes divided into two Beams by Means of the ſame 
double Refraction. Which Beams are of the ſame Colour with 
the incident Beam of Light, and ſecm equal to one another in the 
Quantity of their Light, or very nearly equal. One of theſe Re- 
fractions is performed by the uſual Rule of Optics, the Sine of In- 
cidence out of Air into this Cryſtal being to the Sine of Refracti- 
on as five to three. | | wh 
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Stone very tranſparent, and much clearer than 
the fineſt Glaſs. A ray that falls perpendicu- 
larly upon the Surface of the Cryſtal is divi- 
ded into two. One of the two penetrates 
without Refraction, the other breaks, and the 
two together repreſent the Object double. That 


which does not break, follows the eſtabliſhed 
Rule; but does not the other tranſgreſs it ? 


The other Refraction, which may be called the unuſual Re- 
fraction, (ſuppoſing the incident Beam to be perpendicular to the 
refracting Surface) diverges from the Perpendicular, and makes 
with it an Angle of about 65 Degrees, as is found by Experi- 
ence. 

And if two Pieces of Iſland-Cryſtal be placed one after another, 
in ſuch Manner that all the Surfaces of the latter be parallel to all 
the correſponding Surfaces of the former: The Rays which are 
refracted after the uſual Manner in the firſt Surface of the firſt 
Cryſtal, ſhall be refracted after the uſual Manner in all the fol- 
lowing Surfaces; and the Rays which are refracted after the un- 
uſual Manner in the firſt Surface, ſhall be refracted after the un- 
uſual Manner in all the following Surfaces. And the ſame Thing 
happens, tho' the Surfaces of the Cryſtals be any Ways inclined 
to one another, provided that their Planes of perpendicular Re- 
fraction be parallel to one another. * 

And therefore there is an original Difference in the Rays of 
Light, by Means of which ſome Rays are in this Experiment 
conſtantly refracted after the uſual Manner, and others conſtantly 
after the unuſual Manner: Fer if the Difference be not original, 
but ariſes from new Modifications impreſſed on the Rays at their 
firſt Refraction, it would be altered by new Modifications in the 
three following Refraftions ; whereas it ſuffers no Alteration, but 
is conſtant, and has the ſame Effect upon the Rays in all the Re- 
fractions. The unuſual Refraction is therefore performed by an 
original Property of the Rays, which ſeems to be this, that every 
Ray of Light has two oppoſite Sides originally endued with a 
Property, on which the unuſual Refraction depends, and the o- 
ther two oppoſite Sides not endued with that Property. For one 
and the ſame Ray is refracted ſometimes after the uſual, and ſome- 
times after the unuſual Manner, according to the Poſition which 
its Sides have to the Cryſtal. Newton's Optics. p. 231. 


Ariſt, 
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Ariſt. Both of them follow the Rules in 
falling upon the Cryſtal, if in their Fall per. 
pendicular to the Horizon the one encounter; 
an horizontal Plane, whilſt the other falls up. 
on an inclined one; now this is the Caſe. For 
the Parts of the Surface of the Iſland Cryſtal 
have two Faces, whereof the one is horizon- 
tal, and the other inclined; ſince they double 
the Objects which we view through them » 
as Multiplying-Glaſſes do. The two Rays then, 
or the two Parts of the whole Ray follow the 
common Rule of Refractions even in the Iſland. 
Cryſtal, although the one is broke while the 
other remains whole. 

Eud. But if the Ray fall obliquely upon the 
Surface of this Cryſtal, one Part of the Ray 
netrates in a ſtraight Line, while the other 
1s broke and turns aſide, Ought not every ob- 
lique Fall to be always accompanied with a 
Refraction according to the Rule? 

Arift. Seeing every Part of the Surface of 
the Cryſtal has two Faces, the one horizon- 
tal, and the other inclined ; whilſt one Part of 
the Ray falls obliquely upon one Face, the o- 
ther Part of the Ray falls perpendicularly upon 
the other Face; therefore according to the 
Rule, one Part of the Ray ought to penetrate 
in a direct Line without breaking, as it hap- 
pens, whilſt the other Part is broken. And con- 
ſequently our Hypotheſis ſubſiſts notwithſtand- 


v Mem. de Acad. 1710. p. 342. i 
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ing the Obſtacles that ſeem to be found in the 
Illand-Cryſtal. | | 

But will you tell nie, Eudoxus, why when 
a Perſon paſſes from a Place well lighted into 
a dark one, he can at firſt ſee nothing at 
all ? 

Eudox. The Pupil of the Eye that was con- 
tracted in the well-lighted Place in order to 
keep out the Rays that might injure the Or- 
gan of Sight, remains ſtill contracted for ſome 
Time in S Dark, and does not admit a ſuf- 
ficient Quantity of the feeble Rays for per- 
ceiving Objects. 

Paſs from a Dark Place into one well light- 
ed, and the Impreſſion of the Light is ar firſt 
Painful. 

Ariſt. That is, becauſe the Pupil of the Eye 
that was dilated in the Dark for receiving = 
greater Quantity of the weak Rays, remains 
for ſometime dilated in the full Light, and 
receives too many briſk Rays. This Exceſs 
hurts the Organ of Sight. 

Eud. Birds of Prey have a very quick 
Sight. \ 

"Arif. Theſe Birds, and eſpecially the Owl *, 
opening 

* In the Eyes of Quadrupedes, Birds and Fiſhes, we may ob- 
ſerve the Wiſdom of the Creator in furniſhing them with the 
nictating Membrane; This Membrane Man hath not, he having 
little Qccaſton to thruſt his Head into ſuch Places of Annoyance, 
as Beaſts and other Animals ; or if he hath, he can defend his 
Eyes with his Hands. But Birds (who frequent Trees and Buſhes) 
and Quadrupedes Hedges and long Graſs ard who have no Part 


ready, like the Hand, to fence off Annoyances; theſe, I fay, _ 
IS 
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opening the Pupil of the Eye after an uncom- 
mon Manner, according to the Obſervations of 
| M. Bede. 


this incomparable Proviſion made for the Safety of their Eyes 
And for Fiſhes, as they are deſtitute of Eye-Lids, becauſe in the 
Waters there is no Occaſion for a Defenſative againſt Duſt and 
Motes, offenſive to the Eyes of Land Animals, nor to moiſten 
and whipe the Eyes, as the Eye-Lids do, ſo the NiFating-Men- 
brane is an abundant Proviſion for all their Occaſions, without 
the Addition of the Eye-Lids. | 

In Man the Eye takes in but a Hemiſphere of Viſion, in Bird, 
almoſt a whole Sphere, and in ſome timorous Animals, as Har: 
and Cortes, their Eyes being fo protuberant, and placed fo far Back- 
wards on the ſides of their Heads, they muſt ſee a whole Sphere 
quiteround, with theleaſt Motion of theſe Organs. 

Itis obſervable that the Figure of the CHhryſtalline Humour of 
Fiſhes is a great deal nearer to a Sphere than that of Land Ani 
mals, and that becauſe of the different refractive Virtue of We- 
ter from Air, for that Convexity which would unite the Rays of 
Light coming thro' Air, will not unite the ſame ſo perfectly at a 
Point, in the ſame Diſtance coming thro' Water. In thoſe Ani- 
mals that gather their Food from the Ground zhe Pupi// is Oral 
or Elliptical the greatet Diameter going tranſverſely from Side 
to Side; on thoſe that ſeek their Food on higher Places, its 
greateſt Diameter goes from the Top of the Head towards 
the Feet perpendicularly; theſe two different Figures being 
wonderfully fitted to the different Neceſſities of theſe Ani- 
mals. Thoſe that ſeek their Food in the Dark, have their 
Retina coloured white, which reflects the Light and enables 
them to ſee beſt in the leaſt Light. Cheyne's Phils. Prin- 
cip. 

The Eyes of Spiders (in ſome four, in ſome ſix, and in ſome 
eight) are placed all in the Forefront of their Head, (which is 
round, and without any Neck) all diaphanous and tranſparent, 
like a Locket of Diamonds, Sc. Neither wonder why Providence 
ſhould be fo anomalous in this Animal, more than any other we 
knovr of. For 1. Since they wanting a Neck, cannot move 
their Head, it is requiſite that Defect ſhould be ſupplied by the 
multiplicity of Eyes. 2. Since they were to live by catching ſo 
nimble a Prey as a Fly is, they ought to ſee her every way, 
and to take her per /a/tum (as they de) without any Motion of 

the 
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M. Bedevole *, muſt receive upon the Retina an 
uncommon Quantity of Rays. Hence it is 
that they are ſo quickſighted, and that the 
Owl ſees in the Night. The Delicacy of the 
Fibres of the Retina may be of ſome Conſide- 
ration in this Particular. 155 


The Light of a Torch appears greater at a 
certain Diſtance, than if it were nearer; at 240 
Paces than at 60. 

Eud. The Flame agitates the Air ſtrongly 
and lightens it brightly to a certain Diſtance. 
This being granted; when the Flame is near, 
the Diameter of the luminous Body is eaſily di- 


the Head to diſcover her. Which Motion would have ſcared a- 
way ſo timorous an Inſect. Power's Micro. Obſery. 

The Eyes of the Cameleon reſemble a Lens, or convex Glaſs, 
ſet in a verſatile globular Socket, which ſhe turneth backward, or 
any way, without moving her Head ; and ordinarily the one a 
contrary, or quite different way from the other. Dr. Goddard 
in Phil. Tranj. No. 137. 

But what is more extr2ordinary in this Motion [of the Came- 
leon's Eye] is to ſee one of the Eyes move, whillt the other re- 
mains immoveable ; and the one to turn forward, at the ſame 
Time that the other looketh behind; the one to look up to the 
Sky, when the other is fixed on the Ground. And theſe Mo- 
tions to be ſo extreme, that they do carry the Pupilla under the 
Creſt which makes the Eyebrow, and fo far into the Cantbhi, or 
Corners of the Eyes, that the Sight can diſcern whatever is done 
juſt behind it, and directly before, wit. Hut turning the Head, 
which is faſtened to the Shoulders. Nat. Hi. in Anat. Diſect. 
at Paris, p. 22. 

Snails ſend out their Eyes at a Diſtance, they being contained 
in their four Horns, like atramentous Spots, fitted to the End of 
their Horns, or rather to the Ends of thoſe black Filaments or op- 
tic Nerves, which are ſheathed in her Horns, as Dr. Power word- 
eth it. Ob/erv. 31. p. 36. So the Ingenious Dr. Lifter Exercit. 
Anat. Cochl. & Limac. 


a Bibl. univ. & hilt, Avr. 1690. T. 17. p. 348. 
ſtinguiſhed 
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ſtinguiſhed from the agitated and liglitned 
Air that ſurrounds it; becauſe the luminous 
Body ſtrikes the Eye more briſkly than the 
Air. But if the Flame be remote, we can 
no longer diſcern the agitated and enlightned 
Air that ſurrounds it. Wherefore, if the Dia- 
meter of the luminous Body is leſs with Re- 
gard to the leaſt Diſtance from the Eye, than 
the Diameter of the Body compounded of the 
luminous Body and the ſurrounding enlightned 
Air with Regard to a greater. Diſtance, it muſt 
appear ſmaller when near than at a Diſtance. 
Let us ſuppoſe, for example, that the Dia- 
meter of the Flame alone is one Inch, and its 
Diſtance from the Eye ſixty Inches; that the 
Diameter of the Compound of the Flame and 
enlightened Air is five Inches, and its Diſtance 
from the Eye 240 Inches. The Diameter of the 
Flame alone is leſs with reſpect to the Diſtance 
from the Eye than the common Diameter of 
the Flame and enlightened Air with reſpe& to 
its Diſtance. For the firſt being only one Inch 
1s contained fixty Times in its Diſtance which 
is fixty Inches, and the ſecond being five 
Inches is not contained ſixty Times in its Di- 
ſtance which is 240 Inches. That it might 
be contained fixty Times in ir, it ſhould be 
no more than four Inches, fince four Inches 
only multiplied by fixty make 240'; but by 
the Suppoſition, it is five Inches: A Flame 
then of one Inch Diameter ought to appear 
fmaller 
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ſmaller ſixty Inches diſtant, than 240. Upon 
this Account the Light of a Torch appears 
greater at a Certain Diſtance than if it were 
nearer. 

But laſtly when we look upon the Creſcent, 
and the reſt of the Moon appears but obſcure, 
why does the Creſcent ſeem to promiſe a great- 
er Circumference than the obſcure Part of the 
Moon does ? | 

Ariſt. Becauſe the Impreſſions which pro- 
ceed from the Creſcent being much ſtronger 
than thoſe that come from the obſcure Parc 
of the Moon, are ſpread more upon the Re- 
tina, and conſequently form thereon a larger 
Image. 

Eud. Doubtleſs you have obſerved certain 
Pictures, which ſeem to look at you which ever 
Way you behold them. 

Ariſt. They have the Noſe turned a little 
one way, and the Eye another. For which 
Cauſe it is, that according as you are-placed 
ſometimes theſe Pictures ſeem too look at you 


on one Side becauſe the Eyes are turned that 


way, at other Times again you would fay that 
they looked at the other Side, becauſe the 
Point of the Noſe is turned that way, and the 
Picture being flat you do not in the leaſt per- 
ceive that the Eyes are turned toward the 
oppoſite Part. 

Eud. I ſee very well that you will not give 
up the Cauſe upon the Subject of Optics. I 

Vor, II, A a don't 


— 
- — py 
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don't know whether you will be as happy in 


Catoptrics and Dioptrics, or upon Mirrors and 


Perſpective Glaſſes. We will talk about them 
the firſt Opportunity. 

Ariſt. 1 ſhall be glad to ſpeak my Opinion, 
upon Catoptrics. I am a great lover of Mir- 


rors. 
Eud. I do not wonder at that. 


CoNnveR- 
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Concernins Mirrors, Proſpedine and 
Burning Glaſſes. Witt 


Ariſt. F Atoptrics is the Knowledge of re- 
flected Rays, and conſequently of 
Mirrors which reflect them. = 

There are plain Mirrors, ſome convex, and 
others concave. All theſe Kinds of Mirrors 
have their. particular Properties. | 

1, Plain Mirrors repreſent the Objects ſuch 
as they are, without changing either their Co- 
lour, Order or Bulk. Being hard, uniform and 
poliſh'd they convey the Rays back to us ſuch 
as they received them, in the fame Order, and 
with the ſame Modification, the Angle of Re- 
flexion being apparently equal to the Angle 
of Incidence. 

The Object appears beyond theſe Mirrors at 
the ſame Diſtance that it is, or appears ta be 
on this Side of them. As I approach the Glaſs 
in your Cloſer, or remove from it, my Image 
which is ſeen beyond it feems to - or 
remove. When you walk in the Gallery at 
Verſailles, do you not believe that you fee 
another Self walking in a Gallery adjoining 
Aa 2 and 


Di N 


becauſe the Soul naturally refers Objects to the 
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and parallel? Whence proceeds this innocem 
and pleaſant Deluſion? The Rays, before they 


repreſent the Object, eome from the Object to 


the Glaſs, and return from the Glaſs to the 
Eyes. 

Therefore when they enter the Eyes they 
have not only the ſame Diſpoſition, the ſame 
Inclination, but alſo the ſame Force and the 
ſame Direction they would have had if they 
had really come from the Point and Diſtance 
where the Object appears to be beyond the 
Glaſs. Conſequently they ought to repreſent 


it there, as they do; and ſo much the more, 


Extremity of the direct Rays, which ſtrike the 
Organ, or directly over againſt it. | 
2, Convex Mirrors repreſent Objects ſmal- 
ler than they are. The Convexity of thele 
Mirrors cauſes the effectual Rays (a b, cd 
Fig. 34.) to be reflected to the Eye only by x 
very ſmall Surface (bd), They ſtrike the Eye 
(e) under very ſmall Angles. Hence the Angle 
of Viſion is very ſmall, and the Image of the 
Object anſwers to this Angle. Accordingly 
Glaſs Balls repreſent Objects to us as ſmall, 

3. By a contrary Reaſon a concave Mirror 
repreſents the Object at a certain Diſtance big- 
ger than it is, becauſe the Rays (a b, c d, Fg. 
35.) being reflected by the concave Surface 
make a greater Angle; and if we view any Ob- 
ject therein from a Point where the Eye i 


more remote than the Focus of the Rays, * 
he 
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the Point of their Reunion, the Object appears 
inverted, becauſe the Rays ought to croſs one 
another in the Focus (e) and after that to ſe- 
parate; ſo that thoſe which come from the 
Upper- part (,) of the Object be below (g) 


before they enter the Eye, and thoſe which 
come from the Lower- part be above. If you 


ſhould be emaciated by Philoſophy, look at 
yourſelf in a concave Mirror, and 4t will re- 
ſtore you immediately to a good Plight. As 
for Spectacles and Dioptrics, Eudoxus, I leave 
them to you. | 2 

Eudox. Indeed Spectacles will become me 
much better than you. Dioptrics is the Know- 
tedge of Refractions, and conſequently that of 
r oooh 

There are Spectacles of ſeveral Sorts. Some 
are ſimple and others compounded. The firſt 
are made of a convex Glaſs, or of a concave. 
The other are made of ſeveral Glaſſes; ſome 
of them have only two, and others have more, 
3, 4, Sc. Fig. 36. 0 9 

The Proſpectives conſiſting of a convex 
Glaſs unite the Rays. For in coming out of 
the convex Glaſs they move from the Perpen- 
dicular; and this Deviation brings them toge- 
ther and unites them in one Point in a com- 
mon Focus. Hence, the Proſpectives magnify 
the Objects becauſe they repreſent them un- 
der a greater Angle, and the Image of the 
Objects anſwers to this Angle, as we have ſaid. 
Theſe Proſpectives are good for old Men, 
ET A a 3 whole 
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whoſe Cryſtalline being dryed up can neither 
be ſoftned nor made Round by any Effort of 
the Eye, and having its Focus beyond the Re- 
tina doth not ſufficiently unite the Rays, ſo 
that the Rays of the ſame Pencils may be u- 
nited upon the Retina itſelf. The Proſpectives 
effect their Union upon the Reting by making 
them converge. For which Reaſon they are 
ſo far from perfecting the Sight of others that 
they render it confuſed, becauſe they unite the 
Rays before they fall upon the Organ of Sight, 
and conſequently they do not reach it till after 
they have croſs d one another, and are ſcattered, 
and without Force. 

A Microſcope is a Proſpective. The ſimple 
Microſcope (b c Fig. 37.) is a ſmall convex 
Glaſs which confiderably magnifies Objects 
Though it is ſmall, yet being very Convex it 
cauſes great Refractions. Theſe great Refrac- 
tions make the broken Rays converge, and u- 
nite them in a Point in great Numbers; being col- 
lected and united in a Point they viſibly remove 
the Parts of the ſame Object from one another; 
becauſe the Eye 4 placed in the Point of Union 
ſees the Parts of the Object according to the Di- 
rection of the Rays, and at the Extremity of 
the Rays (ab, ac) which are ſcattered toward 
thoſe Parts, in Proportion as they approach 
the Point of Union. With the Microſcope of 
an Engliſh Author (*) the Point of a very fine 


YM. Hook. Micrographie. Journ. des Sgav. 1666 20 Dec. 
p. 494 | | 
| Needle 
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Needle appears rugged, irregular, blunt, and 
large as the fourth Part of an Inch ; the Edge 
of a Razor appears thick like the back of a 
Penknife ; the Threads of Cloth are as big as 
Cords ; all the Hairs are almoſt round, and 
larger at the End than toward the Root ; the 
Leg of a Fly is terminated with two Claws ſo 
fine that they enter into the ſmalleſt Pores in 
order to faſten the Fly to a Plane that is per- 
pendicular to the Horizon, or to ſuſpend it 
upon any Cieling ; the Glaſs of a well-poliſh'd 
Mirror is full of Ridges, and made up of an 
infinite Number of unequal Bodies which re- 
flect a Light of divers Colours. You may ſee 
in the Middle of the hard Point of the ſharp 
Prickles of a Nettle, a ſmall Hole through 
which a ſharp and venomous Liquor, con- 
tained in the Baſe of the Prickles, runs into 


the Part pricked, and cauſes a pain therein by 


gnawing or tearing the Fibres. 
The Microſcope has diſcovered to us a new 


little World. What a Number of ſmall In- 


ſects in Rain-water! There have been ſeen 
therein about four Thouſand Eggs come out 


of a ſmall Worm. I have ſeen a Drop of 


Liquor, yea, the hundredth Part of a Drop, 
{warm with innumerable Animals which mo- 
ved therein and leap'd ſometimes one way, 
ſometimes another, with as great Freedom as 


the Fiſh do in the Sea. I have ſeen in the 


2 Mem, de Leipfick 1723. Janv. p. 37. Wolfius. T. z. 
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Tail of a Bull-head, and in the Meſentery of 
a River Frog, Blood run, divide, reunite, 
break in Pieces, and circulate with an incon- 
ceiveable Swiftneſs. 

That the Microſcope, which magnifies Ob- 
jects at this rate, may repreſent them thus di- 
ſtinctly, it is neceſſary that the Eye be in the 
Focus of the Microſope; otherwiſe the Im- 
preſſion, made before or after the Reunion of 
Objects would be feeble and confuſed. If we 
look ſo very near with the Microſcope, it is that 
the Eye may be placed in the Focus. 

In 1576, M Lewenhoeck, a curious Dutch- 
man, ſaw with a Microſcope in Well- water, 
which had remained a long Time in a new 
varniſhed Earthen Pot, almoſt an infinite Num- 
ber of Animals, ten Thouſand Times lefs than 
the Water-Fleas formerly obſerved without a 
Microſcope by M. Swamerdam, and he dif- 
covered in Rain-Water that fell from the Roof 
of his Houſe, Animals whereof ſeveral Thou- 
ſands together would not equal in Bigneſs a 
Grain of ordinary Sand b. He ſoaked ſome 
Pepper in Snow-water for the Space of three 
Weeks or thereabouts ; and he obſerved in this 
Infuſion a prodigious Number of fmall Ani- 
mals differing in Size, Shape, and Colour. He 
reckoned he ſaw at leaſt ſeven or eight Thou- 
ſand of them in one Drop of Water, and fe 
ſmall, that a Million of ſuch Animals would 


d Journ. des Sgav. 1678. p. 100. 
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not perhaps equal in Bigneſs one Grain of 
Sand. If a large Quantity of Rain-water 
was mixed with the Infuſion wherein thoſe 
Animals ſwum, they died inſtantly; if you 
mixed but a little, they did not periſh. The 
Obſerver ſaw in one Drop of Water more than 
eight or ten Thouſand of them which by the 
Microſcope appeared to be as big as a Grain 
of Sand. And Mr. Hook repeated this Ex- 
periment in the Preſence of the King of Eng- 
land e. 

Much about the fame Time M. Hartſceker, 
a learned Dutchman, brought Microſcopes ro 

rfection, and was the firſt who remarked in 
Urine, that had been kept for ſome Days, ſe- 
veral Kinds of ſmall Eels, and in the Seed of 
different Animals ſmall Worms reſembling 
young Frogs d. 

M. Paullini in a Diſſertation that was pub- 
liſhed in 1703, will have it that every Thing 
is full of Worms imperceptible to the naked 
Sight, and of Worm-eggs which however are 
not univerſally hatch d. He aſcribes the great- 
eſt Part of malignant Fevers and contagious 
Diſeaſes to Worms. And if you will believe 
this Author, the Ignes fatui are nothing but 
ſmall winged Glow-worms flocking together 
like ſmall Gnats; and rotten Wood which 
ſhines in the Night Time, is luminous only be- 


© Journ. des Spav. 1678. p. 126, 127, 12g. 4 Journ. des 
Scav. 1678. p. 355. Hiſt. de PAcad. 1725. p. 138. 
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cauſe it contains ſeveral ſmall living Pho 
phorus's e. 

M. Fobelot has not diſcerned, as I know of 
Animals in the Ignes fatui, but has diſcovered 
with a Microſcope a prodigious Number of 
particular Animals in the Infuſions of Hay, 
Corn-ſtraw, Sena, Pepper, Sage, Melon, Fen- 
nel, Raſberry, Tea, Pinks, Royal Anemone, 
Sc. He faw in an Infuſion of Anemone with 
common Water, a new Kind of Animal co- 
vered with a fine Maſk of a human Shape well 
formed. He ſaw in the Infuſion of Corn- 
ſtraw new Kinds of Fiſh ; he ſaw in the Heart 
of thoſe imperceptible Fiſhes the alternate Mo- 
tions of the Diaſtole and Syſtole; in the ſame 
Infuſion he ſaw ſucceſſively Animals of diffe- 
rent Kinds; he ſaw theſe Animals, which had 
been loſt to us without Microſcopes, jump, 
leap, and tumble about very merrily, avoid- 
ing all the Obſtacles in their Way, ſo good are 
their Eyes ſ. And after many Experiments, 
Perſons are not afraid to affirm that of nine 
Thouſand Plants known to M. Tournefort, there 
is ſcarcely one which being put into Infuſion 
with common Water does not at the End of 
ſome Hours or Days, whether in Summer or 
Winter, afford an innumerable Multitude of 
ſmall living Animals, which are ſeen to ſwim 
in the ſmalleſt Drop of Water 8. Finally with 


© Journ. des Sgav. 1704. p 373, 374- Journ. des Sgav. 
1719. p. 213, 214- 8 Mem de Trev. 1719. p. 1 
= ” 
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Microſcopes we ſee Fleas and the ſmalleſt In- 
ſects become a Prey to other ſmaller Animals 
which repay them the Evil they do us. 

Ariſt. All chis brings to my Remembrance, 
and makes me apt to believe what you have 
told me, Eudoxus, of thoſe Animals twenty- 
ſeven Million of Times leſs than a Mite, which 
were ſeen with a Microſcope by M. de Ma- 
lexien; © 

Eudox. Some Degrees more of Improve- 
ment in Microſcopes, and you will be charm'd 
with ſeeing the ſubtle Matter of Deſcartes. 
However that be, Ariſtus, after ſo many cu- 
rious Obſervations, the Thouſands of Animals 
which we ſaw laſt Year in a very ſmall Drop 
of Water with the Microſcopes of M. Boyle, 
have ſtill ſomething ſurpriſing, though nothing 
incredible. Ir is probable there are prodigious 
Numbers of ſmall Animals of divers Kinds 
fluttering nigh the Surface of the Earth, which 
find their Nouriſhment in difterent Plants, and 
in divers Minerals, cleave to theſe Plants and 


Minerals, and there depoſite their Eggs; that 


theſe Eggs are hatched in the Infuſions, where 
the Action of the Liquid helps them to open 
themſelves. If the ſame Infuſion produceth 


Animals of different Kinds ſucceſſively, the 


Reaſon is becauſe the ſame Plant is a Favorite 
of thoſe ſeveral Kinds of Animals. 
Proſpectives made of a concave Glaſs make 
the Rays diverge. The Rays that come out 
of a concave Glaſs deviate from the pr 
2, CUlar 
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cular (a H, ſeeing they paſs into a denſer Medium, 
and deviating from the Perpendicular they re- 
move from one another, Fig. 38. For which 
Reaſon it is, that this ſecond ſort of Proſpec- 
tives hinders the Rays from uniting ſo quickly, 
Confequently theſe Proſpectives are good for 
ſuch as are ſhort- ſighted, or whoſe Eyes being 
too round reunite the Rays, before they fall 
upon the Retina. The convex Glaſs magni- 
fies Objects, becauſe it makes them feen un- 
der a greater Angle. The concave Glaſs di- 
minithes them, becauſe it makes them appear 
under a leſs one. If the Glaſs be convex or 
concave on both Sides, the Effect is the more 
ſenfible. 

Of convex and concave Glafles is made a 
third Sort of Teleſcopes. Hence the Teleſ- 
copes whereby we have ſeen in the Heaven 
new Motions, new Meteors, and new Stars. In 
ordinary Teleſcopes, and ſuch as are moſt com- 
monly uſed, the convex Glaſs is toward the 
Object, and this is the Objective; the concave 
Glaſs is towards the Eye, and this is ocular. 
The firſt collects the Rays; the ſecond fepa- 
rates and ſcatters them, that they may not 
reunite in the Eye, before they fall upon the 
Retina. 

In vain ſhould I ſpeak of the other Kinds 
of Proſpectives; You ſee the Properties of 
them ſufficiently in the Principles which we 
have laid down. 8 

Ariſt. The Teleſcope of Sir J. Newton is _ 
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well known to be paſt over in Silence. Pray 
what are its eſſential Parts, and what is their 
Situation, Uſe and Effect? 
Eud. Sir J. Newton's Teleſcope is made up 
of a Tube, two Mirrors of Metal, the one 
concave and the other flat and very ſmall, and 
of a little convex Glaſs, The Tube of the firſt, 
which was made 1672, was only half a Foot *. 
The Tube of that which is to be ſeen at the 
Obſervatory, and which was brought from 
England, is about two Foot. The End, that 
is toward the Object, is open; the other is 
cloſed. The concave Mirror (a 6) Fig. 39. is 
in the Bottom or cloſed End. The Cavity of 
this Mirror is turned toward the open End of 


the Tube. Near the open End, within, is the 


Mirror that is flat and very ſmall (c 4), ſup- 
ported by a Kind of Wire. The Plane of this 
ſmall Mirror is inclined toward the upper Part 
of the Tube, and obliquely faces a fmall Hole ſe), 
which is in one of the Sides of the Tube. The 
[ſmall convex Glaſs is in this Hole. The Rays 
which come from the Object, at firſt meer 
with the concave Mirror which is in the 
Bottom of the Tube. The concave Mirror 
reflects and reunites the Rays (a c) (bd) upon 
the Plane of the ſmall Mirror. This Mirror, 
which is placed obliquely, directs them toward 
the ſmall convex Glaſs; the ſmall convex Glaſs, 
which collects the Rays in the Eye of the 
Spectator while ſcattering them outwardly, 


Journ. des. Scav. 1672. 53. 29 Feb. 
makes 
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makes the Object, toward which the Teleſcope 
is directed, appear in the flat Mirror, and con- 
ſiderably magnified: Inſomuch that That of 
the Obſervatory, though it be but about two 
Foot, produces the Effect of an Ordinary one 
of eight or ten Foot. 

In the common Teleſcopes the Glaſſes which 
tranſmit the Rays for diſcovering Objects to us, 
reflect a great many Rays by the ſolidity of 
their Surface, and intercept a great deal alſo by 
the irregular Texture of their Parts; and this 
is ſo much loſt. The Shape, the Thickneſs, 
the briſk and uniform poliſh of metallic Mir- 
rors direct many more effectual Rays toward 
our Eyes by Reflexion. Hence probably pro- 
ceeds, at leaſt in Part, the Advantage of the 
new Kind of Teleſcopes. But why do Facet- 
glaſſes multiply the ſame Object? 

Ariſt. The Facet-glaſs, Fig. 40. is a Glaſs 
which contains ſeveral plain Surfaces of dif- 
ferent Inclinations. The Rays (@ 6 c) broken 
in every Surface unite again with their proper 
Inclination in a common Focus (4). The Eye 
placed in - this Focus receives from all the 
Surfaces, diſtinct but proper Impreſſions of the 
ſame Object; and as the Mind naturally re- 
fers Objects to the Extremity of the direct 
Rays (d a, d b, dc), the Object appears mul- 
tiplied by all the Surfaces: Hence, the ſur- 
priſing Effect of Facet-glaſſes. 
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Eud. But, Ariſtus, in ſpeaking of concave 
Mirrors you have ſaid nothing of concave burn- 
ing Glaſſes, which burn by Reflexion. 

Ariſt. Well, Eudoxus, and in ſpeaking of con- 
vex Glaſſes which reunite the broken Rays, you 
have faid nothing of convex burning Glaſſes 
which burn by Refraction. 

Eud. There are burning Mirrors of Glaſs, 
and others which are made of Braſs, fome 
convex, Fig. 41. and others concave, Fig. 42. 
The one burn by Refraction, and the other by 
Reflexion. The Efficacy both of the one and 
the other conſiſts in this, that they reunite the 
Rays of the Sun in a Focus (a), as convex Glaſ- 
ſes, or as concave Mirrors. The Rays being 
reunited colle& their Forces into the ſame 
Place, penetrate, ſhake, agitate, and diſorder 
the Particles of any combuſtible Matter they 
meet with in the Focus. The Laminæ of in- 
ternal Air continually agitated by the ſubtle 
Matter, that ſurrounds and penetrates them, 
are ſet at Liberty and at the ſame Time ſet 
their Spring a going. The Forces of the Rays 
and of the Spring of the internal Air, acting 
all at the ſame Time upon the ſame Parts, diſ- 
compoſe, break, ſebarate and dart them out 
every way. Hence, the fuſion of Metals, and 
the firing of combuſtible Bodies by a burning 
Mirror, + 4 | 

Ariſt. The burning Mirror of the Palais 
Royal is famous, | 

Eud. 
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Eudox. It is a convex Glaſs of three or four 
Foot Diameter. M. Thhchirnbaus, a German; 
and a Member of the Academy, had the Art 
of making theſe convex Glaſſes. The late 
Duke of Orleans cauſed one of them to be 
brought from Germany. Fine Gold being ex- 
poſed to this Mirror ſuffers three changes; it 
ſmoaks, vitrifies, and runs into ſmall Grains. 
At a certain Diſtance from the Focus, the 
Gold evaporates into Smoak. A little nigher, 
a yours Part of the Gold is changed into Glaſs 
of a deep purple Colour. In the preciſe Point 
of the Focus the Gold ſparkles, and throws out 
ſmall Drops to the Diſtance of ſeven or eight 
Inches, which being received and gathered to- 
por upon a Leaf of Paper, appear by the 
icroſcope like ſmall Balls of Gold, and make 
a true Powder of Gold. But a Phenomenon 
which is moſt ſurpriſing to me is, that this 
burning Glaſs has leſs Efficacy in great Heats 
than in ordinary ones. It had not any Force 
almoſt in the extreme Heat of 1705 b, and 
ſometimes there are ſcarcely eight Days en- 
tirely favourable during a whole Summer. 
Ariſt. Probably the ſulphureous Exhala- 
tions, that aſcend abundantly from the Earth 
in great Heats, and cauſe in the Air and in 
the Light that Trembling and Undulation, 
which are obſerved therein from Time to 


b Hiſt, de Acud 


" a Mem. de V Acad. 1702. p. 143. 
1705. P- 39. 
Time, 
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Time, intercept agreat Part of the Rays and 
hinder them from falling upon the Mirror ; en- 
velope the Rays that paſs thorough the Mirror 
and are united in the Focus, and take from 
them their extreme Subtlety neceſſary for pe- 
netrating and cutting through a hard Body: 
This Exceſs of Weakneſs ſurpaſſes the Exceſs 
of Force, which may proceed from great 
Heats. 

Eud. This Conjecture is confirmed by two 
Obſervations of M. Homberg e. Even in or- 
dinary Heats, when the Weather has been Fair 
for ſeveral Days together, the Effect of the 
Mirror is not ſo great as when the Sun diſ- 
covers himſelf immediately after a great Rain. 
The Reaſon I take to be, becauſe the Rain 
precipitates the ſulphureous Exhalations. There- 
fore put betwixt the Mirror and the Focus a 
chaffing Diſh full of burning Coals, under the 
Rays that come from the Mirror to the Focus; 
and you will find the Efficacy of the Rays 
conſiderably abated. Now where is it abated 
but in paſſing through the ſulphureous Exha- 
lations which aſcend from the Coals? 

Concave burning Glaſſes have a Property 
which will perhaps ſurprize you no leſs. Take 
two Mirrors of Plaſter (a, 5) concave, of a 
parabolical Figure, gilded and poliſhed with- 
in. Place them over againſt one another at 
the Diſtance of 6, 10, 18 Foot, in ſuch Sort 


© Ibid. p. 4. 
Vol. II. B b that 
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that they may have a common Axis (nnn Fir 
43.) Pur into the Focus (c) of one of the Mir. 
rors a burning Coal, and into the Focus (4) 
of the other ſome Gun-powder. With a Bei. 
lows, whoſe Nozil is crooked, blow the Coal 
on the Side where the Mirror is whoſe Foy 
it poſſeſſes. Immediately notwithſtanding the 
Diſtance of the Coal and the Powder, the 
Powder will catch Fire, as it has done more 
than once in like Circumſtances &. Two Mir- 
rors of Lead, Braſs, or gilded Wood will burn in 
each other's Focus. Whar do I fay? It has been 
obſerved that two ſpherical Mirrors, the one 
of twenty Inches Diameter, and the other of 
ſeventeen, have burnt at fifty Foot Diſtance f. 
Ariſt. The Rays that come in parallel Line 
to ſtrike the internal Surface of a Concave 
Mirror, are reflected and directed to the Focus 
of the Mirror. Conſequently the ſame Rays 
coming from the ſame Focus and reflected by 
the ſame Points of the internal Surface, are 
in like Manner ſeparated after Reflexion. This 
being granted, the Rays (e) that come from 
the lighted Coal which is in the Focus (c) of a 
concave Mirror (a), and which are reflected by 
the internal Surface of this Mirror, proceed ſtill 
parallel, and forming a Kind of Cylinder, to 
fall upon the concave Surface of the other Mir- 
ror (b), which reflects and directs them towards 


bt Mem. de PAcad. 1726. P. 165. (+) Experience de 
M. du Fay. Mem. de Acad. 1726. p. 169. 
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its Focus (d), where their Force being reunited 
lights the Gunpowder. But why do ſpherical 
Mirrors burn at a greater Diſtance ? 

Eud. The parallel Rays, which are reflect- 
ed by the parabolical Mirror, are reunited af- 
ter Reflexion in the ſame Point. Being re- 
flected by the ſpherical Mirror, they ap- 
proach one another; but do not terminate in 
the ſame Point. The Focus of the firſt is on- 
ly one Point. The Focus of the ſecond is 
formed of ſeveral Points. Conſequently one 
Point alone of the burning Coal becomes the 
Focus of the firſt; while ſeveral Points of the 
lighted Coal are the Focus of the ſecond. By 
the ſame Reaſon, in the firſt one Point alone 
of the Coal ſends forth the Rays which are 
to become parallel, while in the ſecond they 
are furniſhed from ſeveral. One Point alone 
does not furniſh ſo many as ſeveral Points. 
This being ſuppoſed ; Mirrors that receive 
from one another more parallel Rays, muſt 
burn at a greater Diſtance, becauſe they re- 
unite more Rays in their Focus. But ſpheri- 
cal Mirrors receive from one another more 
parallel Rays. They receive ſo much the 
more, as the Focus from which the burning 
Rays proceed is greater, and the Coal which 
poſſeſſes it ſends forth more Rays reflected 
in a parallel Manner, from a greater Num- 
ber of its Points, Hence ſome Coals placed 
betwixt ſpherical Mirrors would warm an or- 


dinary Green-houſe. 
B b 2 The 


372 CoNVERSATTION XXII. 
The Rays of the Sun have yet more 


Efficacy. Being, reflected by a plain Glaſs, a 


Foot Square, upon a concave Mirror of ſe- 
venteen Inches Diameter, they have Force ſuf- 
ficient to burn in their Focus the Diſtance of 
600 Paces 1. What Effect then might be 
produced by ſeveral plain Mirrors directed to- 
ward the fame Place? The burning of the 
Roman Ships, which was done by Archime- 
des's Mirrors, will ſoon become a probable 
Fact. 

Ariſt. Indeed, Eudoxus, to burn com- 
buſtible Bodies with a burning Glaſs is a 
Phenomenon very ordinary: But what Me- 
thod would you take to ſet them on Fire 
with Ice ? 

Eud. J would take the ſame that M. Ma- 
riote did d. I would in the firſt Place boil 
ſome clean Water for the Space of about 
half an Hour, in Order to drive all the Air 
out of it. After that I would expoſe two 
Inches of it to a very cold Air. When it 
was turned into Ice, I would melt the Ex- 
tremities of it at the Fire, untill it had a 
ſpherical convex Figure on both Sides. Then 
with a Glove I would preſent this Sort of burn- 
ing Mirror to the Sun, and according to the Na- 
ture of convex Glaſſes, the Rays being uni- 
ted by Refraction in the common Focus would 


+ Mem. de PAcad. 1726. p. 172. d Journ. des Sgav. 
1672. 29 Fev. p. 59. 


7 kindle 
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kindle fine Powder therein. Thus Ice would 

roduce Fire, as it has done; and a Flame 
would in ſome ſort proceed out of the very 
Body of the Ice. 

But let us not forget, Ariſtus, that after 
we have ſpoke of Things which may be 
helpful in improving the Sight, and of the 
Manner how colour'd Objects are ſeen ; our 
Buſineſs is to ſpeak alſo of Colours ; a Mat- 
ter which, doubtleſs, deſerves at leaſt one in- 
tire Converſation. 


Bb 3 ConvrR- 
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CONVERSATION XXII. 


Concermnmng Colours, explamed according 


zo the Syſtems of Hir Iſaac Newton. 
Eud. IS there any greater Pleaſure, Ari/tus, 


or at the ſame Time more affecting, 
than that which ariſes from bcholding a Mea- 
dow enamelled with different Flowers or a 
Garden that preſents to your Eyes the Jonquil, 
the Ranunculus, Tulip, and the Anemone in the 
Spring Time, the Roſe and Pink in Summer, 
and the Amaranth in Autumn? For my Part, 
this Variety of Colours, Purple, Blue, Green, 
Yellow and Red, raviſhes me! May we not 
therein behold Traces of that Wiſdom which 
formed them? I am not ar all aſtoniſhed that 
the Sight of one ſingle Flower ſhould engage 
the Saints to praiſe and bleſs the Author of Na- 
ture, 

Ariſt. Colours make up the Pleaſure of the 
Eyes; and they are, I muſt acknowledge, one 
of the moſt agreeable Allurements of Life. We 
continually find a new Pleaſure in viewing the 
Tapeſtry of the Gobelins, becauſe we imagine 


that Art hath there painted with the Colours 
| which 
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which Nature her ſelf ſeems to have ſpread o- 
ver the Objects. 

Eud. But the Colours that appear ſpread o- 
ver the Objects, are they really ſpread 
thereon ? | 

Ariſt. The Colours are no more upon the 
Objects, ſuch as we perceive them, than the 
Harmony of a Concert is in the Air, ſuch as 
we hear it by the Senſes. Shut your Eyes af- 
ter you have looked upon the Sun, you ſee a 
Light, the Luſtre of which is defaced by ta- 
king ſucceſſively different Colours, as Red, 
Green, Blue, and Purple. Now, theſe Co- 
lours are no Way real, they are only Appear- 
ances. When I look thorough a triangular 
Priſm at a Wall altogether bare, it appears co- 
loured, and covered with inimitable Hungary 
Point. Theſe Colours, fo bright and fo artifi- 
cially ranged, are they upon the Surface of 
the Wall? If fo, it would coſt little to adorn 
an Apartment. Colours, ſuch as we perceive 
them, as well as Sounds, ſuch as we hear them, 
are nothing elſe, properly ſpeaking, but Modifi- 
cations of our Soul. But theſe Modifications 
are produced by the Impreſſion of impercepti- 
ble Matter, which ſtrikes the Organ of Sight; 
and to this Matter, which is fo diſpoſed as to be 
capable of producing them, is given the Name 
of Colours. We may conſider Colours, 1. 
With Reſpect to the Soul; and they are only 
Senſations. 2. With Reſpect to coloured Ob- 
jects; and they are only certain Diſpoſitions, 

Bb 4 certain 
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certain Textures of the Particles; the Heat that 
make Lobſters appear red, being only Motion, 
can give them nothing elſe but a ne Diſpoſi- 
tion, a new Situation, a new Order of Parts. 
3. With Reſpect to the imperceptible Fluid, 
diffuſed betwixt the Objects and the Organ of 
Sight; and this is what we are here eſpecially 


concerned with. Now what are Colours taken 
in this laſt Senſe? 


Eud. M Deſcartes, and P. Malbranche, pre- 


tend that Colours are Modifications & of Light. 
In 


+ Sir Jſaac Newton ſuppoſes all Hypotheſes erroneous, which 
have been hitherto invented for explaining the Phænomena of 
Light, by new Modifications of the Rays. For the Phenomena 
of the Iſland Cryſtal depend not upon the Modifications, as has 
been ſuppoſed, but upon the original and unchangeable Proper- 
ties of the Rays. Vide Notes on Convers. XVI. Again, are 
not all Hypotheſes erroneous, in which Light is ſuppoſed to con- 
fiſt in Preſſion or Motion, propagated through a fluid Medium! 
For in all theſe Hypotheſes, the Phænomena of Light have been 
hitherto explained by ſuppoſing that they ariſe from new Modifi- 
cations of the Rays; which is an erroneous Suppolition. 

If Light conſiſted only in Preſſion, propagated without actual 


Motion, it would not be able to agitate and heat the Bodies which 


refract and reflect it. If it conſiſted in Motion, propagated to 
all Diſtances in an Inſtant, it would require an infinite Force eve- 
Moment, in every ſhining Particle, to generate that Motion. 
And if it confiſted in Preſſion or Motion, propagated either in an 
Inſtant or in Time, it would bend into the Shadow. For Preſ- 
ſion or Motion cannot be propagated in a Fluid in right Lines 
beyond an Obſtacle which ſtops Part of the Motion, but will 
bend and ſpread every Way into the quieſcent Medium which 
lies beyond the Obſtacle. Gravity tends downwards, but the 
Preſſure of Water ariſing from Gravity tends every Way with 
equal Force, and 1s propagated as readily, and with as much 
Force, ſideways as downwards, and through crooked Paſſages as 
through firait ones. The Waves on the Surface of ſtagnating 
Water, paſling by the Sides of a broad Obſtacle which ſtops Part 
| | of 
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In the Opinion of M. Deſcartes i they are cer- 
tain Relations of the direct Motion of the ce- 
leſtial Globules, and of their circular Motion 
upon their Center. If the circular Motion is 
a great deal quicker than the other, that is 
Red. If the circular Motion is only a little 
quicker, it is Yellow. If on the contrary the 
direct Motion is much more rapid, it is Blue; 
if it is only a little ſtronger, then it is Green. 
According to P. Malbranche*, Colours conſiſt 
in Vibrations of Light, more or leſs quick. 


of them, bend afterwards and dilate themſelves gradually into the 
quiet Water behind the Obſtacle. The Waves, Pulſes, or Vi- 
brations of the Air, wherein Sounds conſiſt, bend manifeſtly, tho? 
not ſo much as the Waves of Water, For a Bell or a Canon ma 
be heard beyond a Hill which intercepts the Sight of the ſound- 
ing Body; and Sounds are propagated as readily through crooked 
Pipes, as through ſtreight ones. But Light is never known to 
follow crooked Paſſages, nor to bend into the Shadow. For the 
fixed Stars, by the Interpoſition of any of the Planets, ceaſe to 
be ſeen. And fo do the Parts of the Sun by the Interpoſition of 
the Moon, Mercury or Venus. The Rays which paſs very near 
to the Edges of any Body, are bent a little by the Action of the 
Body ; but this bending is not towards, but from the Shadow, 
and is performed only in the Paſſages of the Ray by the Body, 
and at a very {mall Diſtance from it. So ſoon as the Ray is paſt 
the Body, it goes right on. Huygens endeavoured to explain the 
unuſual Refraction of Iſland-Cryſtal by Preſſion or Motion pro- 
pagated, and for that End ſuppoſed two ſeveral vibrating Medi- 
uns within that Cryſtal. But when he tried the Refractions in 
two ſucceſſive Pieces of that Cryſtal, and found them ſuch as 
is mentioned above; he confeſſed himſelf at a Loſs for ex- 
plaining them. For Preſſions or Motions, propagated from a 
ſhining Body through an uniform Mediun, muſt be on all Sides 
\ alike, whereas by thoſe Experiments it appears, that the Rays of 

Light have different Properties in their different Sides. Optics. 
5p. 336. 


C. 8. Meteor, Roh. 1. p. c. 28. k Entretien Metaph. 12. 
Ariſt. 
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Ariſt. Sir Iſaac Newton's Syſtem of Colours 
becomes every Day more famous. Novelty 
pre-engages us in his Favour, 

Eud. Should a Philoſopher allow himſelf to 
be taken with a certain Air of Novelty? 

Ariſt. I don't know whether it be a Deluſi- 
on, but the Syſtem indeed appears very pro- 
bable; and Yeſterday I heard with Pleaſure 
one of its Admirers explain it to me in few 
Words. 

Eud. I ſhould be extremely well pleaſed, if 
you would favour me with an Explication of 
it your ſelf to Day. 

Ariſt. According to the Hypotheſis I of this 
learned Engliſhman, 1. Colours are a particu- 
lar Diſpoſition of the Rays of Light, proper 
for producing in us a Perception of Red or Yel- 
low, Sc.. 

2. There are in the Light ſeven Sorts of 
Rays; and every Sort bears its proper Colour. 
Conſequently there are in the Light ſeven prin- 
_ cipal Kinds of Colours, namely, Red, Orange, 
Yellow, Green, Blue, Indigo, and Purple; 
ſo that the Ray which bears one Colour, ne- 
ver bears any other. In ſhort, expoſe a trian- 


+ This is improperly called an Hypotheſis, as being built not 
on any Suppoſition, but undeniable and repeated Experiments. 
Neither is Novelty to be imputed to it as a Crime; for 'Truth 
and Falſliood are to be determined by ſtrict and impartial Rea- 
toning upon Matters of Fact, and not the Number of Years that 
either of them has been publiſhed to the World. 


| Newton's Optics p. 102. m Optics, p. 105. 
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gular Priſm to the Rays of the Sun, at a cer- 
tain Diſtance from a Paper which may remit 
the Rays broken and ſeparated; you will ſee 
upon the Paper ſeven Colours very diſtinct, and 
diſpoſed in this Order, Red, Orange, Yellow, 
Green, Blue, Indigo, and Violet. Make in 
the Paper a ſmall Aperture which may let one 
kind of Rays paſs, that bears, for Example, 
Red or Violet; break this Ray again with a 
ſecond Priſm, and a third; turn them upon 
their Axis. The Ray that is differently bro- 
ken, and differently reflected n, preſents till 
the ſame Kind of Colour; as Mr. Gauger very 
lately remarked in the Experiments which he 
made after Sir 1Jaac Newton. 

3. Every Ray takes the Name of the Colour 
which it bears; the Reaſon is not becauſe it is 
really coloured *, but becauſe it produces an 
Appearance of this Colour more than another. 
Hence, red, orange, yellow Rays, Sc. 

4. Rays of different Colours have their diffe- 
rent Degree of Refrangibility p. After the Re- 
fraction of the Priſm, you may ſee the ſeven 
principal Colours deſcribed upon the Paper in 
this Order, Red, Orange, Yellow, Green, Blue, 
Indigo, Purple. And all theſe Colours are 
formed by Rays, which before they are broken 
fall upon the Priſm with the ſame Angle of In- 
cidence. Let us imagine in a ſolid Ray divers 


Planes, or different Beds of Rays: Every Bed 


n Ibid. p. 99. 0 Ib. p. 102. 
| of 
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of Rays, as well ſuperior as inferior, which 
falls upon the Priſm, furniſhes Rays or Co- 
lours of all Kinds. Before the Rays fall upon 
the Priſm, ſtop the fall of the upper or lower 
Bed, or of that in the Middle, by the Inter 
ſition of ſome opake Body; and you will fng 
a Diminution in all the Colours. 

5. The red Ray has the leaſt Refrangibility, 
The Violet has the greateſt * The others 
have a greater or a leſs in Proportion as they 
approach more to Red or Purple, in the Order 
I have mentioned. In a Word, 1. The Red 
(a), Fig. 44. is the loweſt upon the Paper (a), 
which receives the Colours which have paſt 
through the Priſm, Above the Red (a), in 
this Order and continually aſcending, the O- 
range, Yellow, Green, Blue, Indigo, and Vi- 
olet (6). 2. If we let theſe Rays paſs through 
a ſecond Priſm, only one at a Time, but ſuc- 
ceſſively, the Red is broken leſs than the O- 
range; the Orange leſs than the Yellow, c. 
and the Violet moſt of all. | 

6. The moſt refrangible Rays are alſo the 
moſt reflexible. When a Priſm is turned upon 
its Axis, and the Rays which have penetrated 
it are obliged to reflect, the moſt refrangible 
are reflected firſt **, 

7. Of ſeveral Rays of different Colours we 
may compoſe one, which repreſents ſome one 
- the principal Colours, or ſome middle Co- 
our 9. 


* Newton's Optics. p. 134. * Ib. p. 134. 4 Ib. p. 113, 131. 
8. Rays 
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8. Rays equally refrangible, and ſuch as are 
not compoſed of Rays of different Colours, are 
called homogeneous and ſimple Rays. Thoſe are 
called heterogeneous and compoundRays, which 
are formed of Rays of different Colours, or of 
Rays which have different Degrees of Refran- 
gibility r. 

9. White reſults from a Mixture of the ſe- 
ven principal Colours. Unite with a Lens the 
ſeven Rays of the Sun's Light ſcatter'd by the 
Priſm, and you may ſee a white Colour in the 
Point of Reunion where the Sun 1s repreſented. 
Intercept ſome of theſe Rays, the White diſap- 
pears, tho'-the different Rays loſe not their own 
proper Colour, for after having croſſed one an- 
other, they go on to make it appear upon the 
Plane that receives them. 

10. Why do Bodies appear differently || co- 

loured ? 


r Ib. p. 4. * Ib. p. 112. 


|| The Colour of a Body depends upon the Thickneſs and Den- 
ſity of the Parts of the Body, which are in the Surface between 
the Pores of the Body. | | 

The Colour is ſo much the more vivid and homogeneous, as 
the Parts are thinner. | 

Ceteris Paribus, the aforeſaid Parts are of the greateſt Thick- 
neſs when the Body is Red, and of the leaſt when Violet. 

The Parts of Bodies are much denſer than the Medium contain- 
ed in their Interſtices. 

This Denſity is leſs in the Tails of Peacocks and in ſome Silks, 
and in general in all Bodies whoſe Colour varies according to the 
different Situation of the Eye. 'The Colour of a Body is more 
obſcure and darker, when a denſer Medium enters its Pores ; for 
then the Parts upon which the Colour depends are ſurrounded by 
a denſer Medium than before, 


We 
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loured? The Reaſon is, becauſe the Figure of 
their Pores, and the Texture and Conſiſtence 
of their Parts reflect more Rays of one King, 
while they tranſmit the greateſt Part of the o- 

thers, 


We experience this in all Bodies which are thoroughly penetr:. 
ted by Water and Oil. When the Bodies are dry, they recover 
their former Colour, unleſs in ſome Caſes, in which, ſome Part; 
are carried away by the Action of the Water or Oil, or when 
ſome Parts of the Water or Oil are ſo united with the Parts of 
the Body, as to change the "Thickneſs of the Plates. From ſuch a 
Cauſe are deduced the Changes in the Colours of ſome Liquors, by 
their being mixed with others. Often the'faline Particles ſwim- 
ming in one Liquid, unite themſelves to the ſaline Particles ſwim- 
ming in another; or the united Particles are ſeparated by the Acti- 
ons of others that are ſuperadded ; on all which Accounts the 
Thicknels of the Particles is changed, and together with. it the 
Colour of the Liquids. 

Sometimes the Colour of a Liquid is different, when ſeen y 
reflected Rays, from what it is when ſeen by tranſmitted ones. 

An Infuſion of Lignum Nephriticum that is not too much tinged, 
appears blue by reflected Rays, but yellow, if the Phial which 
contains the Infuſion be placed between the Light and the Eye. 

If you pour Spirit of Vinegar into the Infuſion of Lignum Nephri- 
ticum, it will appear yellow in any Poſition whatever. 

In this Caſe the Thickneſs of the Particles is changed, and the 
Rays that were tranſmitted through every one of them are now 
intercepted; but though the Liquor 1s placed between the Eye 
and the Light, it is ſeen by reflected Rays; for we may eaſily 
conceive that ſuch Rays come to the Eye by the various Reflexi- 
ons which the Light undergoes in the Liquid. But the Colour 
only is ſenſible, becauſe the Rays cannot penetrate directly thro 
the Liquid. 

From this we may deduce the Reaſon, why a coloured Liquid, 
in a Glaſs of the Figure of an inverted Cone, if it be placed be- 
tween the Eye and the Light, appear of a different Colour, in 
different Parts of the Veſſel; in the lower Part all the Rays which 
are tran{mitted through the Particles are not intercepted ; then 

they are more and more intercepted, according as there is a 
greater Quintity of the Liquid between the Eye and the Light, 
til! at Length they come to be all intercepted; and only thoſe 
Rays which are reiccted by ttc Particles penetrate the liquid 1 ry 
whic 
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thers, or abſorb them *. Red Bodies, for Ex- 
ample, reflect moſt red Rays. Accordingly, 
being plunged into homogeneous Rays of this 
Colour, they thereby appear to be of a brighter 
Red. Gold reflects yellow Rays, while it ſuf- 
fers others to paſs through ; for if one place a 
very thin Plate of Gold between the Light and 
the Eye, the Light paſſes through it, and ap- 
pears blueiſh or greeniſh ®® How many Glaſſes 
tranſmit certain Colours, the Moment they re- 
fle& others? The extreme Poroſity of Bodies 
favours this Sentiment. In ſhort, Gold that 
weighs nineteen Times more than Water, and 
conſequently has nineteen Times more Denſi- 
ty, has nevertheleſs ſo many Pores, that the 
magnetic Matter paſſes through it without an 
Impediment. Nay it receives Quickfilver into 
its Pores; and even Water itſelf penetrates it. 
Water has been ſeen to iſſue out of an hollow 
Ball of Gold prefled violently, without the Ap- 
pearance of any Aperture *. 

Eud. This new Syſtem, Ariſtus, pleaſes you 
much ; but the Mixture of divers, tranſparent 
and clear Liquors produces different Colours. 
Pour Aqua Fortis upon Colours, they vaniſh, 


which Caſe the Colour coincides with the Colour of the Liquid 
ſeen by the reflected Rays. | 

Clouds often appear very beautifully coloured; they conſiſt of 
aqueous Particles, between which Air is interſperſed, therefore, 
according to the various Thickneſs of thoſe aqueous Particles, the 
Cloud will be of a different Colour. *Grave/and:. 

t Newton's Optics p. 103, 153. u 1b. p. 153. 
F 3 
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and the Liquors reſume their former Tranſpa- 
rency. | | 

Ariſt. 1. Theſe oily or faline Liquors are 
tranſparent and clear at firſt, becauſe they give 
a free Paſlage to different Kinds of Rays. 2, 
But in the Mixture there are Molecule formed, 
which reflect many more Rays of one certain 
Kind than of another that paſs through the 
Mixture, or are found abſorbed therein. Hence 
theſe Colours, which are ſeen to ariſe ſudden- 
ly *. 3. But the Points and ſharp Salts of the 
Aqua Fortis, which is diffuſed over the co- 
loured Mixture, divide and diſſipate the Mole- 
culæ, open the Paſſages of Light, by that Means 
make the Colours diſappear, and reſtore to the 
coloured Liquors their Tranſparency. 

Eud. Letusattempt ſome Changes of Colours. 


Diſſolve in common Water ſome white Vitriol : 


Soak ſome Galls reduced to Powder half a 
Day in common Water; filtrate ſeparately 
through a Linnen Cloth, both the Diſſolution 
of Vitriol, and the Infuſion of the Galls. Both 
the one and the other will be tranſparent, and 
conſiderably clear. Do but mix them together, 
and the Mixture will be black. 

Ariſt. The Particles of the Vitriol and Galls 
being joined and hooked together in the Mix- 
ture form Molecule, big and ſolid enough to 
croud and ſhut up the Paſſages of Light, and 
porous and yielding enough to abſorb it, with- 


* Newton's Optics, p. 215. 
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out making it recoil, ſo as to make an Impreſ- 
fion upon the Organ of Sight. Hence, that 
Faintneſs or Defect of Light whence proceeds 
the Blackneſs of the Mixture. | 

Eud. Pour an Acid, a little Aua Fortis up- 
on the Mixture, — it becomes tranſparent 
and clear. 

Ariſt. That is, becauſe the Acid by diſſipa- 
ting the Molecule reſtores the Paſſages of the 
Light. | 

Eud. Pour upon this laſt Mixture ſome Oil 
of Tartar per Deliquium. The Black appears 

ain. | 
M Ariſt. That is, becauſe the Parts of the Vi- 
triol and of the Galls not being any longer di- 
vided and ſeparated by the Acids of the Aua 
Fortis, abſorbed by the Alkali of the Oil of 
Tartar, hook into one another again, unite, 
and form Molecule as before, which cloſe u 
the Paſſages of the Light; they either abſorb it 
again, or reflect ir but very faintly. 

Eud. With the Tincture of Indian Wood 
ſoaked in freſh Urine, mix ſome Oil of Tartar, 
and the Tincture takes a Violet Colour. After 
that mix a good deal of Water with it, and 
the Tincture will become blue. 

Arift, The Tincture is Violet when it re- 
flects a great many more of the Violet Rays 
than of any other Kind. It is blue, when it 
remits many more blue Rays. For the ſame 
Reaſon, there ariſes an excellent Blue from the 

| Mixture 


Vol. II. Cc 


386 Cox vERNSATIOXR XXII. 


Mixture of Allum with the Juice of the Floy. | 
ers of the Iris. of 

Eud. If you would have a fine green Colour lit. 
a little Water and ſome Oil of Tartar upon M. 
the Syrup of Violets will afford you this Colour | 
immediately. 99 fled 

Ariſt. This 1 — may be alſo ex. Ki 
plained from the ſame Principle. 

Eug. But I would have a yellow Colour WI 
Even Philoſophers themſelves are taken with reſ 
the Colour of Gold; Pour ſome freſh Lime 
Water upon a Solution of corroſive Sublimate, 
and quickly you may ſee a yellow Colour. On- 
ly add ſome of the Spirit of Nitre, and the 
Yellow diſappears. Vou will {till tell me, that 
the Particles of Lime and corroſive Subli- 
mate form at firſt Molecule, which reflect by 
much the moſt yellow Rays, and that the 
Molecule being diſſipated by the Aqua Fort, 
ceaſe to reflect this Exceſs of Rays. 

Ariſt. By the ſame Reaſon, Spirit of Virrio|, 
in a Tincture of Pomegranate Flowers, affords 
a Colour inclining to that of Orange. 

Eud. Obſerve now the Solution of corroſive 
Sublimate and Oil of Tartar per Deliquium, 
The two Liquors are tranſparent and very clear. 
Mix them, and it will appear red. 

Ariſt. The Liquors being thickened by Mix- 
ture reflect the red Rays, which each of the 
Liquors while 78 let paſs. 


* Muriotte, p. 695 


Eud. 
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Eud. Upon the red Mixture put ſome Spirit 
of Urine or Sal Armoniac. Shake the Glaſs a 


lictle, and the Mixture will be as white as 


Milk. | 

Ariſt. That is, becauſe the new Mixture re- 
flects at once a great Quantity of Rays of all 
Kinds, | 

Eud. Laſtly, a little Agua Fortis makes the 
white Colour diſappear before your Eyes, and 
reſtores the former Tranſparency. 

Ariſt. The Molecule being diſſipated by the 
Action of the Agua Fortis, no longer reflect at 
the ſame Time a Number of Rays of all the 
ſeveral Kinds. For which Reaſon it is that the 
white Colour diſappears. But the Light finds 
direct and free Paſſages thorough the Liquor, 
whence proceeds its former Tranſparency. 

Eud. The Rainbow preſents us with all the 
principal Colours in the ſame Order as the 
Priſm. | | 

Ariſt, The Rainbow never appears but in 
rainy Weather, and while the Sun is above the 
Horizon. Now, the Drops of Water in the 
Cloud, upon which the Rainbow ſeems to be 
ſpread, break the Sun's Rays in Proportion to 
their Refrangibility, juſt as the Priſm does; 
and ſeparating the Rays of every Kind after the 
ſame Manner, they give them the ſame Ar- 
rangement. Hence, the Colours of the Rain- 
bow appear in the following Order, Red, O- 
range, . Yellow, Green, Blue, Indigo, Violet. 


Cc 2 : Eud, 
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Eud. We commonly ſee two Bows at once, 
the one within the other. In the ſmalleſt, the 


convex Surface is red; the Concavity, Violet; 
and the Middle, Green, Fig. 45. 

Ariſt. In the ſmalleſt (a 5) the Rays (es, fi 
of the Sun fall upon the upper Part of the 
Drops of the Water (ef); and after they are 
once reflected in every Drop, they iſſue out at 
the lower Part, break, and then come to be 
reunited in the Eye (o). The Refraction of the 
red Rays is leſs than that of the Green, and 
that of the Green is leſs than that of the Vio- 
let. The ſmaller the Refraction of the Rays 
is, the more elevated is the 8 of the 
Rays which are in the Cloud. Conſequent| 
the Colours, which appear at the End of chel 
Rays, muſt appear more elevated. For which 
Reaſon it is that the Convexity of the ſmaller 
Bow muſt appear Red, the Middle Green, and 
the Concavity Violet. 

But in the greater Bow (c 4) the Rays (g, 


| hs) of the Sun enter by the inferior Part of the 


Drops of Water (g); and after they are twice 
reflected in every Drop, they iſſue out at the 
upper Part, where they are broken a contrary 
Way in Order alſo to be reunited in the Eye 
(o). Conſequently as the Violet Rays are more 


broken than the Green, and the Green more 
than the Red, the Extremity of the Violet Rays, 


where the Violet Colour appears to be, is more 
elevated in Regard of the Eye than that of the 


| Green, and that of the Green more elevated 
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than that of the Red. For which Reaſon, in 
the greater Bow the Convexity is Violet, the 
Middle Green, and the Concavity Red. 

Eud. The Colours of the ſmaller Bow are 
much livelier than thoſe of the greater. 

Ariſt. That is, becauſe in the greater the 
Rays ſuffer two Reflections, and in the ſmaller 
but one. 

Eud. You may perhaps explain the Co- 
lours of the Rainbow happily enough. But 
to what will you attribute this Kind of lu- 
minous and ſometimes coloured Crown, which 
is ſeen round the Sun and Moon? How will 
you explain the Parbelia, or thoſe Appearan- 
ces wherein the Sun ſeems multiplied ? 

Ariſt. 1. A Cloud frozen and diſpoſed in 
the Shape of a Lens under the Sun or Moon, 


or elſe round them, will twice break the Rays 


of Light in Order to reunite -them on all 
Sides in the Eye. Theſe Rays being reunited 
in the Eye, but continually diverging more 
and more towards the Cloud, will make you 
ſee there a Sort of luminous Crown, which 
will be the Baſis of a luminous Cone, the 
Top, whereof will be in the Eye. The 
Crown will appear coloured, according as the 


Cloud will more or leſs ſeparate the broken 


Rays. 

4 If divers Planes of thick and frozen 
Clouds are fo fituated, that they receive the 
Sun's Rays, and reflect them to the Eyes, 

Cc 3 like 
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like ſo many Mirrors, you may ſee upon 
theſe Planes different Images of the Sun, 
and theſe are ſo many new . bor Par. 
Belia. 

You ſee clearly, Eudoxus, my Sentiment 
of Colours; when will you be ſo kind as to im- 


art to me yours upon that Head? 
- Eud. The next Time I have the Pleaſure of 4 
ſeeing you again. 


CanveR- 
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Wherein Colours are. Aae upon. 
another Hypotheſs 


Eud. O explain my ſelf then, bn, a- 
bout Colours, 1. I call thoſe, effe- 
ctual Rays * which make à ſenſible Impreſſi- 
on upon the Organ of Sight. 2. L call choſe. 
interrupted Rays, which being effectual have 
however between them more or fewer ineffe- 
Etual ones. 3. To the effectual Rays 1 give 
the Name of Light, and to the ineffectual ones 
that of Shadow. This being — ſome. 
particular Propoſitions will __ n 
on concerning Colours. 


1 hg 
4 - 1 . TSS 


5 PRO POSITION I. 


Colours in coloured Objects are y a cer- 
tain Texture of Parts proper for directing more 
or fewer effectual Rays hi. our Eyes, with Vi- 
brations more or leſs Rrong. 


* As the Dogrine of Colony hid down by Sir Lac FO 
is demonſtrably true, it will be unneceſſary to make any Re- 
marks upon this new Syſtem of our Author's, which ſeems 
to owe its Riſe, to his Fondneſs of being thought an Ori- 
ginal, The moſt ſurprizing Diſcovery in it is, that Light is 
Et and d Darkneſs is Darkneſs. 
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Can any one not agree to it, if there needs 
nothing but a new Texture for preſenting the 
Eyes with a new Colour? But nothing more is 
required: Black Marble reduced to Powder 
grows white; a Lobſter when boiled is red; 
the Violet Tincture of Turn- ſole being mixed 
with Aqua Fortis takes a Red; and the Oil of 
Tartar poured upon this Mixture, reſtores it to 
a Violet. In this Change of Colours, Bodies 
only acquire a new Diſpoſition of Parts. There- 
fore, GSG. en i 

By this we may comprehend the admirable 
Effect of that Statue, which Hiſtory * places 
upon a Mountain of China, and which marks 
out the divers Changes of the Weather, by the 
Changes of Colours that happen to it. Pro- 
bably, the Air according as it is moiſt or dry, 
changes the Texture of the ſmall Parts which 
compoſe the Surface of the Statue. The Tex- 
ture being changed, reflects the Rays after an- 
other Manner. Hence thoſe Changes of Co- 
lours, which are a Sort of Weather-Glaſs. 

Is it not ſtill from the ſame Principle, that 
ſome Perſons have diſcerned coloured Obj 
without the Help of Eyes? They talk of a 
blind Sculpter who diſtingutſhed Colours by 
the ſimple Touch; and Father Grimaldi re- 
ports, that a Man having his Eyes bound up, 
diſcerned by it, without any Miſtake, in the 


* Rep. des Let. Fev. 1688. y. 188. „ Bartolin. Journ. des 
Sgav. Juillet. 1675. p. 187. | 


Preſence 
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Preſence of the Great Duke of Taſcany, the 
different Colours of ſeveral Pieces of Stuffs, and 
of a Piece of Silk died with ſeveral Colours b. 
It is ſaid that there was in Holland an Orga- 
niſt, who though blind, judged very well of 
all Sorts of Colours notwithſtanding the Pro- 
verb. 

The Organiſt even played at Cards, and of- 
ten won, eſpecially when it was his Turn to 
deal. The Reaſon is, becauſe by feeling he 
knew the different Colours, and the Cards 
which he gave to every Player. 

Ariſt. Theſe blind Perſons muſt have had a 
very exquiſite feeling. 

Eud. But in fine, the Texture of the co- 
loured Surfaces muſt alſo have been different 
for cauſing divers Impreſſions on the Organ, 
which might produce the divers Senſations af 
Colours. 


PRoPosIT1oN II. 


The Colours which immediately ſtrike the 
Eyes, are Vibrations of luminous Rays, more 
or leſs ſtrong, and more or leſs mixed with 
Shadow. 

I, They are Vibrations of luminous Rays, 
ſeeing they penetrate the Eyes, and ſtrike ſen- 
ſibly upon the Organ of the Sight. 2. Theſe 
Vibrations are more or leſs ſtrong, and 


b Journ. des Spav. 30. Aodſt. 1666. p. 411. © Journ. des 
Sgav. 1685. 3. Sept. p. 37. | 


more 
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more or leſs mixed with Shadow; ſeeing the 


Bodies, which direct them toward our Senſes, 


have mor e or fewer ſolid Parts, more or few- 


er ſtiff Parts, and Parts more or leſs agi- 


tated. 


ture whereof produces other Colours. 


Poros iT Iox III. 


The White that touches the Organ of Sight, 


corifiſts in tlie briſk Vibrations of effectual 


Kays, that are not interrupted, or which are | 


very little mixed with Shadow. 
Accordi 
the Flame; which cauſes Vibrations of this 


Sort. 2. The purer the Air is, the more 
Whiteneſs is alſo ſeen upon the Sun's Diſcus ; 


becauſe the Rays of the Sun meeting with few- 
er Obſtacles, .the Vibrations of the Rays are 
more briſk, and leſs accompanied with Sha- 


dow. 3. If the ſame Rays fall ſucceſſively up- 
on ' ſeveral Walls equally covered over with 
Plaiſter, the firſt appears whiter than the ſe- 


cond, and the ſecond than the third. But why 
ſo? The Reaſon is, becauſe the Rays rhat fall 


upon the firſt have quicker Vibrations and leſs 
Shadow. 4. Briſk and numerous Rays being. 


reunited by a burning Mirror upon ſome Part 
of black Cloth, give this Part a white Colour. 


ny. White hurts the Eyes by Reaſon of the 
82 Briſk- 


Hence the bebe Colodis: as White, Yel- 
low, Red, Blue, Violet, and Black, the Mix- 


y, 1. White ſeems diffuſed upon 


— 
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Briſkneſs of its Vibrations; and the Multitude 
of its effectual Rays. 534 emit wit 00 

Conſequently a white Body is a Texture of 
Riff and ſpherical Particles, or ſuch like. The 
ſtiff reflect the Rays with ftrong Vibrations; 
the ſpherical,” or ſuch like, reflect the Rays 
from all Parts without Interruption, or hardly 
any at all. a 10 21G 192711 OY 

Hence, I. A Room well whitened is there» 
by the more lightſome, becauſe the effectual 
Rays being reflected by the ſtiff and ſpherical 
Particles of the Surface, ſtrike the Eyes'with 
the greater Swiftneſs, and in greater Number. 
2. Why is the Foam of Water, Wine, and 
even of Ink itſelf, white ? Becauſe the ſmall 
Parts, whereof it is compoſed, and which re- 
ceive ſome Conſiſtence from the Spring of the 
internal Air, are formed into Globules, or at 
leaſt into Polygones. For the fame Reaſon, 
pounded Glaſs becomes white. 3. Silver- plate 
grows white in hot Water, impregnated with 
common Salr, and Salt of Tartar ; becauſe thoſe 
Salts which gnaw the Surface of the Silver, 
make therein ſmall Polygones, which reflect the 
Light from all Parts and with great Quickneſs. 
4. On the contrary, the Whiteneſs of Silver is 
diminiſhed, when it is poliſhed. The Reaſon 
is, becauſe the Globules or Polygones of its 
Surface are made plain. 5. Why do Houſes 
grow white in Summer? When the Heat diſ- 
ſipates the liquid and ſoft Juices, the reflected 
and efficacious Rays are thereby more frequent, 

| 2 
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and their Vibrations ſtronger. And it is much 


upon the ſame Account, that Age ſpreads 


a Whiteneſs over the Hair. 

Ariſt. Without doubt you will yet find up- 
on theſe Principles the Reaſon of an Event, 
which has ſurprized me. In the cold Nor- 
thern Countries ſeveral Animals are white in 
Winter, and of another Colour in Summer. 
A learned Swede d ſays that he had ſeen Hares, 
which in the Beginning of Winter and Spring 
were half white, and half of their ordinary 
Colour; but in the midſt of Winter, he ſaw 
none but what were white. The Winter 
whitens the Hares of Canada, as well as thoſe 
of Swedeland. And to the Severity of the Cold 
is owing the Whiteneſs of Ermines. 

Eud. The exceſſive Cold, which binds u 
both the Pores of the Skin, and alſo the mall 
Pipes of the Air, hinders the Juices from 
moiſtening the Hair. The Hair is dried up as 
that upon Mens Heads through the want of 
Moiſture. Being dried up, it has its imper- 
ceptible Parts more rugged and more elaſtic ; 
and conſequently it reflects more effectual Rays, 
on all Sides, and with more Force: Hence 

roceeds the Whiteneſs of ſome Animals in 
inter. In other Seaſons the Cold binds up the 
Pores of the Skin and the Pipes of the Hair 
leſs. The Hair receives more humid Juices. 
Its imperceptible Parts are thereby both leſs 


. © Scheferus, Journ. des Sgav. 24. Jan. 1707. p. 23. 
rugged 
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rugged and leſs elaſtic; whence it comes to 
paſs that the Whiteneſs is leſs, and the Ani- 
mals reſume the common Colour of their 


Species. 
PRrRoPosSITION IV. 


Vibrations of Light a little weaker than 
White, but without any Mixture of Shadow, 
at leaſt without any conſiderable Mixture, 
make a Yellow. 

For White is changed into Yellow, purely 

by the Abatement of the Vibrations. After 
you have looked ſtedfaſtly upon the Sun for 
ſome Time, ſhut your Eyes: The Impreſſion 
of Whiteneſs remains ſtill for a ſhort Space; 
then a kind of yellow Colour ſucceeds it. 
Whence does this proceed, if not from the De- 
cay of the Vibrations? 
For which Reaſon it is, that a yellow Body 
is compoſed of globulous Parts, but bigger than 
thoſe of white Bodies. As they are globulous, 
they reflect the Rays in a very great Quantity 
from all Parts; but as they are bigger than 
thoſe of white Bodies, the Vibrations of the 
Rays reflected by the yellow Body are by that 
Means more feeble. In muſical Inſtruments 
the Vibrations of the ſhorteſt Strings are the 
quickeſt. | 


PzxoPo- 
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Cs 


PROPOSITION V. 


Red is a Collection of briſk Rays, but mixed 
with ineffectual ones. 

This Sentiment would ſeem juſt, if White 
becomes Red by the Suppreſſion of a great 
many effectual. Now this is what we obſerve. 
Why is the Sun more red ordinarily toward the 
Horizon, than toward the Meridian? The Rea- 
ſon is, becauſe the Rays paſſing through more 
Vapours, when the Sun is toward the Hori- 
zon, they are more interrupted, and fewer of 
them reach our Eyes. In Fact, the effectual 
Vibrations are not the weaker on that Ac- 
count, ſeeing the effectual Rays paſs thorough 
Water more eaſily than Air, and ſeveral of 
them run therein even more ſwiftly, being col- 
Tected by the Refraction. Therefore, &c. 

This is what gives a red Colour to the 
Clouds about the Evening, to the Moon when 
in the Horizon, and to the Sun when he is be- 
held through a ſmoaked Glaſs e. | 

For which Cauſe it is, that the primitive 
Red, or the red Body, is a Collection of Riff 
Particles, but ſuch as are not ſpherical. Be- 
ing ſtiff, they reflect the Rays with ſtrong Vi- 
brations. But as theſe Particles are not ſphe- 
rical, they do not reflect the effectual Rays 
without ſome conſiderable Mixture of Shadow 
and ineffectual Rays. 


_ © Mem. de T Acad. 1711. p. 79. 1 
ENCE 
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Hence 1. A burning Coal; is red, becauſe 

ſeveral Particles not being kindled, or at leaſt 
being covered with Aſhes, the effectual Rays 
are quickly reflected, but interrupted: Blow 
upon the burning Coal; thereby it is whiter: 
The Reaſon is, becauſe the Moment that the 
Blowing kindles the Parts which were not kin- 
dled, or diſſipates the Aſhes wherewith they 
were covered, the effectual Rays are increaſed 
in Number. . 128 
2. Upon the ſame Principle, the Flame be- 
ing mixed with Vapours or Smoak, is thereby 
the more red. The Vapours and the Smoak 
hinder a great Number of Rays from becoming 
effectual. Accordingly the Flame of green 
Wood is redder than that which is dry; and 
the Point of the Flame of a Candle is redder 
than the reſt, becauſe there is more Smoak in 
the Point, or a greater Number of Parts whoſe 
Agitation is abated by Means of their commu- 
nicating a Motion. | f 

3. Laſtly, if che Flame of white Wax is leſs 
red than that which is yellow, the Reaſon is, 
becauſe the white Wax is purer. 


PRoPosSITION VI. 


A certain Mediocrity of Vibrations or ' Sha- 
dow makes the Green. For why does Green 
pleaſe the Eyes ſo much? Why does Nature, 
which is renewed in the Spring, make Choice 


of this Colour? The Reaſon 1s, becauſe Green 


a ON 
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on Account of the Medium it obſerves, makes 


an Impreſſion conſiderably - ſenſible upon the - 


Organ of Sight, without injuring it in any 


Manner. Hence a green Body ſeems to be 


compoſed of Parts moderately long, elaſtic and 
porous. N 


PRO POSITION VII. 


As for Blew, it requires Vibrations a little 
weaker, and a little more Shadow, than the 
Green. Accordingly Blew approaches more to 
Black; and about Evening Blew and Black Ap- 

arel are eafily confounded. And conſequent- 
y a Surface whoſe Parts are a little longer, 
leſs elaſtic, and more porous than that of green 
Bodies, will afford a blue Colour. 


PROPOSITION VIII. 


Violet requires Vibrations ſtill more feeble, 
and alſo more ineffectual Rays, than Blue, ſince 
it approaches yet nearer to Black. 

Ariſt. What you have ſaid of Violet and 
Red puts me in Mind of the Purple; and Iam 
ſorry that it is now in Uſe only among ſome 
Indians. 

Eud. The Purple is a Juice which affords 
a good Red, being mixed with a little Violet. 
This Juice is found in a large folding, which 
a Sort of Shell-Fiſh called the Murex has up- 
on its Back immediately behind che Neck in 

Form 
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Form of a Pouch f. There are of theſe Shell; 
fiſhes in America, The Moment the Animal 
throws out this Juice, or any Perſon preſſes it 
out, it is white as Milk. In a ſhort Time this 
Milk-white becomes Green, and after that it 
is a very fine Red, being mixed with a little 
Violet. Linnen dyed with this Colour never 
loſes it. But the Shell-fiſh that bears this Juice 
has very little of it; and if you do not lay 
hold on the Animal directly, it throws out the 
Liquor with wonderful Quickneſs. The Blood 
of certain ſmall Snails, which are met with 
where North America borders upon the 1/th- 
mus of Darien, alſo affords a Sort of this Pur- 
ples; but they are rare. Need one be ſurpri- 
zed after this, that the Purple was ſo valuable 
among the Romans, and that it is no more in 
Uſe in Europe? 


PRO POSITION IX. 


Finally, Black conſiſts in very feeble Vibra- 
tions of Rays mixed with a great deal of 
Shadow. 

For White and Black are oppoſite, and 
White reſults from Vibrations that are ſtrong 
and without Shadow. Accordingly the more 
that coloured Objects are diſtant from us, the 
blacker they alſo ſeem to grow; becauſe their 


f Mem. de Trev. 1703. Sept. p. 167. Mem. de Trev. 
1704. Oct. p. 1772, 
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being at a Diſtance abates the Vibrations, and 
renders a great many of the Rays ineffectual. 

A black Body then is a Texture of Parts that 
are Iong, very flexible, and of ſmall Planes, or 
very ſhort and rugged, but having little Elaſti- 
city, and very poroſe. Being long and very 
flexible they reflect few Rays, and with feeble 
Vibrations. The ſmall Planes do not reflect 
Light but only upon one Side; for which Rea- 
fon it is that you ſee Bodies and Planes, which 
appear white in one Situation, while they are 
black in another. The ſmall Parts are ſhort, 
but with hardly any Elaſticity; and rugged, 
but very poroſe. Hence the Vibrations are 
feeble, and the effectual Rays very much in- 
terrupted. | 

Hence, 1. To dye Black, we make uſe of 
corroſive Materials, and a very great Heat; 
becauſe the great Heat and corrofive Materials 
disjoin the, Particles that are too ſtiff, abate 
their Spring, and make a great Number of 
Pores 1n the Stufts, and ſmall Holes whereby 
the Light is abſorbed. 2. White Stuffs eafily 
take a black Colour, becauſe there needs no 


more for that than to corrode them and to 


make a great Number of Interſtices in them. 
On the contrary, black Stuffs take a white Co- 
lour with Difficulty, becauſe it is not eaſy to 


ſtop their Pores, and to make or diſpoſe upon 


the Surface of theſe Stuffs, Inequalities, Poly- 
gones, and Globules capable of reflecting Light 
from all Parts without Shadow. A Scar is 

quickly 
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uickly made upon the Body, but not fo ea- 
ly worn off. 3. Black Stuffs burn ſooner by 

a burning Glaſs, than white; the Reaſon is, 
becauſe the ſtiff and rugged Surface of the 
White reflects the Suns Rays, while the Black 
admit the Action of the Rays into their nu- 
merous Pores. 4. Velvet appears black when 
the Rays fall parpendicularly upon the Extre- 
mities of the Threads of Silk, becauſe then 
the Rays are ſwallowed up betwixt the Threads. 
But if the Rays fall obliquely; you ſee a whitiſh 
Colour, becauſe they recoil às far as your Eyes. 
Finally, why is a Coal black when extinguiſh- 
guiſhed? Becauſe the Light is there loſt, in an 
infinite Number of ſmall Holes, which the 
Heat hath made in it by penetrating the 
Wood and driving a prodigious Quantity of 
Particles out of its Subſtance. Accordingly 
Wood looſes of its Weight, when it is reduced 
to a Coal. 


PRO o S1 110N X. 


White and Black are in ſome Sort the Mat- 
ter of other Colours. At leaſt Colours are 
different in Proportion as they participate of 
White and Black, ſeeing they are different 
in Proportion as the Vibrations are more or la 
briſk, and more or leſs mingled with Shadow. 

In ſhort, 1. After you have attentively look- 
ed upon the Sun, ſhut your Eyes; you ſtill 
ſee a White, but in a licty Time the White 
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is changed into a Yellow, the Yellow into a 
Red, the Red into a Green, and the Green in- 
to a Blue *, the Blue into a Violet, and the 
Violet into a Black, in Proportion as the Force 
of the Vibrations is abated.  _ 

2. The Yellow contains leſs. Shadow than 
the Red, the Red than the Green, the Green 
than the Blue, and the Blue than the Violet. 
For if you have a Piece of Paſtboard whereon 
theſe different Colours are painted in the ſame 
Order, the Red being ſucceſſively directed up- 
on them by the Motion of a Priſm, is leſs ob- 
{cure upon the Yellow than upon the Red it- 
ſelf, upon the Red than upon the Green, Gc. 
Whence proceeds this Difference of Obſcurity, 
if not from different Degrees of Shadow? 


PrRoPosI1TION XI. 


From a Mixture of theſe Colours there ariſe 
others; for example, the Yellow and the Blue 
being mixed together afford a Green; the Yel- 
low and the Red, an Orange; the Red and the 
Blue, a Violet; and the Black through White 
appears Blue. Accordingly Blood, which is 
of a browniſh Red in the Veins, and conſe- 
Gently like Black, appears bluiſh through the 
white Skin. 3 
Ariſt. Without Doubt, Eudoxus, you would 
find upon your Principles the Reaſon of that 


_ ® Marriotte, p. 4. des GBuleurs. 


aſto- 
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aſtoniſhing Variety of Colours, which ariſe 
from divers Mixtures of Liquors. _ | 1 

Eud. I ſhould find it in Vibrations more 1 
or leſs ſtrong, in Rays reflected with more or 
leſs Shadow, and in a certain Sorting of Shade : 
and Vibrations. 

Ariſt. Let us make Trial of it, and repeat 
the Experiments we made yeſterday. 

Eud. To Morrow. j 
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Cox vERSATION XXIV. 
Upon the Changes of Colours, f 


Ariſt. OU lately tried, Eudoxus, ſeveral 

Mixtures of Liquids, and I ex- 
plained the Changes they underwent accord- 
ing to the beſt of my Judgment. To Day I 
I will make a Mixture of Liquors; pray do 
me the Favour to explain their ſeveral Changes 
according to your own Opinion. Firſt then, 
the Infuſion of Galls with a Solution of Vi- 
triol affords a black Colour, 

Eud. Black conſiſts in very feeble Vibrati- 
ons of Rays mingled with a thick Shade. Ac- 
cordingly the more coloured Objects are re- 
moved from us, the blacker they ſeem to 
grow, becauſe the Rays are much weakened 
and become much rarer. For which Reaſon 
it is, that the Sur face of black Bodies is a Tex- 
ture of Parts long, very flexible, faſhioned in 
Form of Planes, or ſhort and rugged, but ha- 
ving little Elaſticity, and filled with an infinite 
Number of Pores. Being very flexible, or ve- 
ry porous, they reflect effectual Rays with feeble 
Vibrations, and abſorb a great deal of Light. 


+ Vide Notes on Cox v. XXII. p. 38. 
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This being granted then, why is the Mix- 
ture we are ſpeaking of, Black? Becauſe the 
Particles of the Galls and Vitriol make very 
flexible Molecule, or very porous, which conſe- 
quently abſorb a great Number of Rays, and 
reflect others but very faintly, at the ſame 
Time they ſhut up the Paſſages of Light. 

Ariſt. Pour a little Aqua fortis, or a little 
Spirit of Vitriol upon the black Mixture and 
you will perceive it tranſparent and clear. 

Eud. The Acid which diſſipates the Mole. 
culæ by the Action of its ſtiff and ſharp Points, 
univerſally reſtores the free and direct Paſſages 
of the Light; whence proceeds the Tranſpa- 
rency and Clearneſs of 4 Mixture. 

Ariſt. Pour but a little Oil of Tartar upon 
the black and tranſparent Mixture, and imme- 
diately it reſumes its former Blackneſs “. 

Eud. That is becauſe the Acids of the Agua 
Fortis being ſwallowed up by the Oil of Tar- 
tar, do no longer hinder the Particles of the 
Galls and Vitriol from hooking one another and 
reuniting in Molecule, as formerly. 

Arift. Write with the ſolution of Vitriol, 
and you will not diſcern the Characters Sprinkle 
theſe Characters over with ſome of the Infuſion 

of Galls, and you will be able to read the invi- 
ſible Writing. Spirit of Vitriol makes it diſ- 
appear. Would you ſee it again? The Oil of 
Tartar will reſtore it to your Sight . 


® Phyſiol. Kircher. Experim. ſect. 3. p. 41. 
176 p- 41. p d X Ful 
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Eud. The Reaſon of this Fact may very 
clearly be ſeen in what I have faid. 


Ariſt Mix Oil of Tartar with the Tincture 


of Indian Wood ſoaked in freſh Urine; the 
TinQure aſſumes a violet Colour. 

Eud. The Violet conſiſts in Vibrations a little 
ſtronger, and ſomething leſs mixt with Shade, 
than Black; ſeeing it is not ſo obſcure as Black, 
but approaches very near to it. Accordingly 


Violet is eaſily confounded with Black, and 


gonſequently the Violet Body has Parts a little 
more ſolid, and leſs porous, than Black. This 
being granted, the Violet Mixture affords this 
Colour, becauſe having its Parts a little more 
ſolid, and leſs porous than the black, it reflects 
the Rays very feebly, and very much mixt 
with Shades; but ſomewhat leſs feebly and leſs 
mixt with the Shadow than the Black. 

Ariſt. Pour a good deal of Water upon this 
Mixture, and it becomes Blue. 

Eud. Blue confiſts in Vibrations ſomewhat 
more briſk, and leſs mixt with Shadow, than 
Violet; and leſs briſk and more mixt with 
Shadow than Green. Accordingly Blue makes 
a little more Impreſſion than Violet, and a 
little leſs than Green. Conſequently a Sur- 
face whoſe Particles are more ſhort, more e- 
laſtic, and leſs porous, than thoſe of violet Bo- 
dies, but longer, leſs elaſtic, and more porous 
than a green Body, will afford a blue Colour. 
This being granted, why is this Mixture blue? 
Becauſe the Parts of the Surface holding a 

1 Mean 
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Mean betwixt thoſe of violet Bodies and green, 
reflect the Rays with a little leſs Shadow, and 
with Vibrations ſomewhat ſtronger than the 
Violet, but leſs quick, and with ſomething 
more Shadow than the Green. 

Ariſt. Do but mix a little Water in a Glaſs 
and ſome Oil of Tartar with the Syrup of 
Violets: A fine green Colour is preſented to your 
Eyes. 

"Bud Green conſiſts in a certain Mediocrity 
of Vibrations and Shadow. Accordingly 
Green pleaſes the Eyes, and Nature makes 
choice of a green Colour, when ſhe is renew- 
ed and becomes more charming in the Spring; 
becauſe Green produces a pleaſing Senſation 
in the Organ of Sight without hurting it in 
any Sort. Conſequently a green Body 1s a 
Compound of Parts of a moderate Length, 
Spring and Poroſity; as you have faid. This 
being granted, the Mixture is green, becauſe 
its Surface whoſe Parts have a moderate Length, 
Spring and Poroſity, reflect the effectual Rays 
with a certain Mediocrity of Vibrations and 
Shadow. 
Aliriſt. If you would have a yellow Colour, 
Lime-water newly prepared, and mixt with 
a Solution of corroſive Sublimate, will afford 
it. 
Eud. Yellow conſiſts in Vibrations a little 
feebler than White, but without Shadow, or at 
leaſt without any conſiderable Mixture of Sha- 
dow; for White is changed into Yellow mere- 


ly 
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ly by the Abatement of the Vibrations. When 


we ſhut our Eyes, after having looked ſted- 


faſtly upon the Sun, the Impreſſion of White 
abides ſtill for ſome Time. Afterwards a Sort 
of yellow Colour ſucceeds it, in Proportion as 
the Vibrations of the Organ produced by thoſe 
of the Rays grow weaker. For which Reaſon it 
is, that a yellow Body is a Compound of ſphe- 
rical or rugged Parts, but bigger than thoſe of 
white Bodies. Being globulous or rugged they 
remit the Light from all Parts; but being big- 
ger than thoſe of white Bodies, they reflect 
the Light with fainter Vibrations. In Muſi- 
cal Inſtruments, for example, the Vibrations 
of the longeſt Strings are of leaſt Briſkneſs. 
This being ſuppoſed, the Mixture of Lime- 
water and corroſive ſublimate is yellow, be- 
cauſe the Surface being compoſed of ſpherical 
Parts, or rugged, but ſomewhat long, it re- 
flects the Rays without Shadow, but with 
weakened Vibrations. 

Arijt. An Acid upon this Mixture makes the 
Yellow diſappear, even as it made the Black 
diſappear. But let us mix ſome Oll of Tartar 
with the Solution of corrolive Sublimate ; the 
two Liquors conſidered ſeparately are tranſpa- 
rent and very clear ; the Mixture of them is 
Red. 

Eud. Red conſiſts in quick Vibrations of the 
effectual Rays, but mixt with Shadow. For, 
why is the Sun red in the Horizon, but be- 
cauſe the Rays then paſſing through more Va- 
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pours, are more interrupted, and fewer of 
them reach our Eyes. In ſhort, the effectual 
Vibrations are not thereby more feeble, ſee- 
ing the effectual Rays do more eafily paſs 
through Water than Air, and very many alſo 
flow in it more ſwiftly being collected by Re- 
fraction, A red Body then is a Collection of 
Riff Particles, but not ſpherical. Being ſtiff 
they remit the Rays with ſtrong Vibrations ; 


but as theſe Particles are not globulous, they 


do not reflect effectual Rays without a very 
conſiderable Mixture of ineffectual Rays. 

This being granted, the Mixture of corro- 
ſive ſublimate and Oil of Tartar is Red, becauſe 
having ſhort and ſtiff Parts, but not ſpherical, 
it reflects the effectual Rays with ſtrong Vibra- 
tions, but at the ſame Time mixt with a great 
deal of Shadow, or ineffectual Rays. | 

Ariſt. Put an Acid upon this Mixture, it 
loſes its Colour. 

Eud. The Acid diſſipates the ſhort and ſtiff 
Moleculz, and thereby reſtores to the Light 
Paſlages free, direct and univerſal, and ſo their 
Tranſparency is reſtored to the Liquors in the 
Mixture. 

Ariſt. Pour ſome Oil of Tartar upon th 
tranſparent Mixture, and it reſumes its red 
Colour. 

Eud. In Proportion as the Oil of Tartar 
ſwallows up the Acid, the ſhort and ſtiff Mo- 
kecule are reſtored without Oppoſition. 


drip. 
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-  Ariſt. By the ſame Principle one may make 


the red to appear and diſappear alternately for . 


ſeveral Times. But upon a ſimple red Mix- 
ture of corroſive Sublimate and Oil of Tartar, 
let us put ſome Spirit of Sal Armoniac. The 
Mixture is immediately White like common 
Milk; like common Milk, I ſay, becauſe I 
have heard of a Woman whoſe Milk was whol- 
ly Black, as ſome affirm. 

Eud. White conſiſts in. ſtrong Vibrations of 
effectual Rays not interrupted, or mixt with 
very little Shadow. Accordingly the Flame, 
which cauſes Vibrations of this Kind, is White; 
and the purer the Air is, the more Whiteneſs 
there is upon the Diſcus of the Sun. Conſe- 
quently the Surface of a white Body is a Tex- 
ture of ſmall, ſtiff and ſpherical Particles. Be- 
ing ſmall and ſtiff they reflect the Rays with 
quick and briſk Vibrations ; being ſpherical they 
remit the Rays from all Parts without Interrup- 
tion, or almoſt without Shadow. This being 
ſuppoſed, the Mixture, we ſpeak of, is White, 
becauſe having a Surface wrought with ſtiff 
and ſplerical Particles, it reflects the Rays with 
ſtrong Vibrations, and without Shadow. 

Ariſt. Pour Agua fortis upon the white 
Mixture, and the Whiteneſs of the Milk diſ- 
apears, and the Mixture becomes tranſparent. 
The Reaſon of it is ſufficiently ſeen in what 
you have already ſaid more than once. 

Indeed, Eudoxns, your Sentiment ſeems ſup- 

ported 
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orted by the Principles of Natural Philoſophy; 
— that of Sir J. Newton appears more ſimple. 
Eud. I will be determined by Philoſophy itſelf. 

Ariſt. Allow me to adhere to Simplicity. 

Eud. But Sir 1/aac Newton ſuppoſes that 
the ſame Rays preſerve always the ſame Co- 
lour ; and yet in the Experiments of M. Ma- 
riotte*, a Violet Ray being broken by a ſecond 
Priſm repreſented Red and Yellow ; and a Red 
Ray being broken after the ſame Manner re- 
preſented Violet and Blue. 

Ariſt. Probably, becauſe the Rays were nei- 
ther ſo well ſeparated, nor yet ſimple enough, 
in the Experiments of M. Mariotte; for nei- 
ther Sir J/aac Newton before M. Mariotte, nor 

M. Ganger after him, could break the Rays fo / 
as to. change their Colour, | 

Eud. Upon this Head Ariſtus, we ſhall en- 
tertain different Opinions withour being leſs good 
Friends. 

Arift. On Condition however that you will 
tell me why the Varniſh of China gives Colours 
a Luſtre, and preſerves their Splendour. 

Eud. The China Varniſh Þ is an Oil, which 
is drawn from different Fruits, or from cer- 
tain Worms of a reddiſh Colour; theſe Worms 
are much about the Bignefs of Silk-Worms. 

Such as yield the Varniſh are boiled in Wa- 
ter; the Fat that riſes on the Top of the Wa- 


De la nature des Couleurs, p. 208, 209. . 
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ter, is the Varniſh itſelf. It thickens and be- 
comes very hard. But Heat ſoftens it for Uſe, 
Being ſpread over Colours, it grows hard, 
binds their ſmall Parts, faſtens them, and 
holds _ in the fame Situation: Whence 
it comes to paſs that the Colours are not 
diſplaced, — that they remit the Light with 
Vivacity. Hence the Luſtre of Colours, and 
the Preſervation of their Splendour. | 

Finally, what we have hitherto ſaid may 
give ſome Light to what we al ſay cons 
cerning Plants. 


* 


The End of the Second Volume. 


